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Abstract
Background
Work-related neck, shoulder and upper limb disorders are a subset of work-related 
musculoskeletal disorders (WRMD’s) which affect the locomotor system. These conditions 
often result in pain, impairment and disability with associated economic cost. Disorders of 
indeterminate clinical diagnosis or non-specific musculoskeletal disorders make up the bulk 
of these conditions, are common in working populations and can significantly influence 
quality of life. Early assessment and management of these disorders is essential to enhance 
appropriate care and prevent long term disability. Valid and reliable measures of ‘early 
effects' are required for active work place surveillance and screening of these disorders.
Aims and objectives
The primary aim of this study is to assess the utility of a number of functional physical 
examination screening tests for the identification of mild to moderate work-related neck, 
shoulder and upper limb disorders in working female computer users
Methods
A self selected convenience sample of 63 female computer workers completed a Nordic 
based self report questionnaire which included functional outcome measures and underwent 
a screening examination consisting of 60 examination tests. These tests examined posture, 
movement patterns, balance, nerve irritability, muscle length, strength and endurance and 
joint dysfunction of the cervicothoracic, shoulder, elbow/forearm, hand wrist and finger 
regions. The lumbopelvic region and lower limb were also screened.
Participants were classified as a case or non-case of work-related morbidity by 12 month self 
report frequency and duration of neck shoulder symptoms. Self reported case status was 
used as the ‘gold standard’ for case definition. Sensitivity, specificity, predictive value and 
likelihood ratios were determined for each screening test.
Results
A high prevalence of self reported neck shoulder symptoms was identified. The examination 
tests generally demonstrated high sensitivity (>80%) and positive predictive values, poorer 
specificity (<80%) and low likelihood ratios (<4) with some exceptions. A number of the 
examination tests selected appear to have potential to be used as a component of a 
screening examination protocol for the early identification of WRMD’s affecting the neck 
shoulder and upper limb in the study population. The nature of self report and a small non­
stratified sample limit the extrapolation of these findings to other populations.
Conclusion
The high prevalence of self reported WRMD’s suggests methods are needed for the early 
detection of these conditions. Evaluation of functional capacity by some of the clinical 
examination tests examined in this study may provide an additional approach to ergonomic 
and questionnaire only based methods for the early detection of these common conditions. 
The identified tests could be incorporated into currently used surveillance and screening 
approaches to these disorders in working populations. Based upon the results of this study a 
theoretical model incorporating the current models of development of WMSD’s and 
approaches to classification and assessment is proposed.
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INTRODUCTION
SECTION 1
1.1 Introduction
This study explores the area of clinical assessment and management of work-related musculoskeletal 
disorders (WRMD’s), particularly in relation to screening for early detection, surveillance and 
secondary prevention.
Musculoskeletal disorders (MSD’s) are a common cause of morbidity both within industry and in the 
general population. The assessment, management and prevention of musculoskeletal disorders are all 
important due to the cost in both monetary and human terms. Work-related musculoskeletal disorders 
are a major problem in most industrialised countries, particularly the United Kingdom (HSE 2004a, 
HSE 2005). Soft tissue musculoskeletal disorders often present as back, neck and arm pain 
representing the most commonly reported work-related disorders along with stress - related 
conditions (HSE 2006) These conditions also represent the largest component of chiropractic practice 
(Chapman Smith 2005).
Work-related musculoskeletal disorders comprise a variety of degenerative and inflammatory 
disorders affecting the locomotor system. Work-related upper limb disorders (WRULD’s) describe 
those disorders that affect the neck, upper back, shoulder, elbow, forearm, wrist and hand. These 
conditions result in pain and or functional impairment and can often lead to disability. When work 
activities or conditions significantly contribute to the development or exacerbation of MSD’s but are not 
the sole determinant of causation these disorders are classified as work-related (WH01985).
Screening and surveillance for these disorders is an important component of work place risk 
assessment and musculoskeletal management. These work based processes may help identify early 
signs of conditions which promote secondary prevention, early care and may limit the possibility for 
development of long term chronicity.
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Traditional approaches to the assessment of WRMD’s in working populations have included symptom 
questionnaires in conjunction with limited clinical assessments and subsequent full clinical 
examination. Self assessment strategies have also been advocated (Toomingas 1998). Evaluation of 
these assessment methods for reliability and validity has been undertaken. Commonly used symptom 
questionnaires, such as the Nordic questionnaire, have demonstrated good reliability and reasonable 
validity when compared to clinical diagnosis determined by standardised clinical orthopaedic and 
neurologic evaluation.
Limitations exist however in the ability to formulate diagnoses in these often mild to moderate non­
specific disorders. Additionally while the ability of questionnaires to identify individuals with clinical 
findings have been evaluated little work has been done to evaluate the ability of specific testing for 
clinical signs in identifying self reporting cases of WRMD’s. Specifically functional testing, assessing 
joint, muscle and nerve function, for detecting early signs of musculoskeletal dysfunction has not been 
evaluated. These tests may provoke early signs of disorders that are subclinical and may help inform 
management strategies in conjunction with self report information, particularly in the work setting.
The pathogenesis of these conditions has been described as muitifactorial, incorporating both physical 
and psychosocial risk factors. System state variables including exposure, dose, capacity and response 
are theorised to result in the development of these disorders in a dose response relationship 
(Armstrong et al. 1993). Individual capacity or the ability of the individual to resist destabilisation due to 
various doses is a key component of this model. Individual capacity includes both physical (e.g. 
function, movement, strength) and non-physical factors (e.g. psychosocial issues such as coping 
ability and locus of control). The assessment of individual capacity has incorporated both subjective 
and clinical evaluation. Effective assessment of individual capacity requires valid methods of clinical 
testing.
The classification of Work-Related Musculoskeletal Disorders (WRMD’s) into pathological groups
3
largely follows the tissues and structures affected. These include muscle, joint, tendon, nerve and 
vascular conditions (Hagberg et al. 1995, Yassi 1997). Diagnoses such as tension neck syndrome, 
rotator cuff tendonitis, lateral epicondylitis, carpal tunnel syndrome, thoracic outlet syndrome and 
osteoarthritis are commonly reported. Specific diagnostic classification criteria have been formulated 
by Harrington et al. (1998), Helliwell et al. (2003) and Sluiter et al. (2001). Standardised diagnostic 
classification is important for the quantification of incidence, prevalence, study of causation and 
treatment. However, specific diagnostic classification is not always possible or feasible, particularly in 
the work setting.
Non-specific musculoskeletal disorders or disorders of indeterminate clinical diagnosis are 
characteristically a diagnosis of exclusion but make up the bulk of these work-related conditions (HSE 
2006, Cooper & Baker 1996, Aptel et al. 2002). These common mild to moderate musculoskeletal 
disorders can significantly influence quality of life (Salerno 2002).
Additionally, these conditions are often of an integrated nature affecting the entire functional area, 
neck shoulder and upper limb concurrently. Clinically, individuals can often experience multiple areas 
of involvement in an effort to compensate for existing pain or dysfunction (Walker-Bone et al. 2003). 
When viewed as a continuum the evolution of these disorders may allow for the early or sub clinical 
detection of signs of musculoskeletal dysfunction (Coggon et al. 2003).
By their nature the specific assessment and management of these conditions is problematic. A 
number of clinical reviews advocate the early assessment and management of these conditions as 
essential to appropriate care and prevention of long term disability and their subsequent associated 
repercussions (Clinical Standards Advisory Group 1994, Breen et al. 2006, Boocock et al. 2007). 
Reliable and valid measures of ‘early effects’ could be a valuable tool in active work place health 
surveillance (Rosencrance & Cook 1998). Particularly for use in screening and surveillance, measures 
with high sensitivity are important for the early detection of these disorders.
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The Health and Safety Executive research agenda (2004) outlines the need to identify and promote 
better tools for MSD health monitoring. In going ‘beyond compliance’ many employers may need to be 
more proactive than at present and will need ways to identify MSD signs and symptoms at an early 
stage. There are no practical approaches available currently other than the use of self-report 
measures. Identification of a decrement in performance has been suggested as a possible tool to 
detect signs of the development of musculoskeletal disorders (Jull-Kristensen et al. 2006, Liebenson & 
Yeomans 1997).
Musculoskeletal trouble related to computer use commonly presents as non-specific chronic recurrent 
neck, shoulder and arm pain with associated disability (Punnet & Berqvist 1997). The prevalence of 
this condition is also more common in females (Treaster & Burr 2004). A high static load associated 
with often repetitive tasks and high psychosocial stress characterise this work. As a result, neck, 
shoulder and upper limb disorders are commonly associated with this activity which can result in 
adverse health effects, stress and decreased productivity (Ming ef al. 2004).
The evaluation of these conditions in this particular working population has included both self report 
and clinical evaluation (Gerr et al. 2002). Variations in the prevalence of findings and self reported 
symptoms have been noted, particularly when utilising diagnostic testing (Solerno et al. 2000). The 
functional assessment of individual capacity has been advocated in working female computer users in 
order to help identify existing clinical conditions and as a possible tool for early identification and 
secondary prevention (Jull-Kristensen et al. 2006).
The nature of non-specific MSD’s requires a different approach to assessment and management. The 
role of physical evaluation in mild to moderate cases and non-specific MSD’s is unclear but may 
contribute to more effective evaluation and management of participants with self reported MSD’s.
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Current models in the management of musculoskeletal disorders stress activity based models that 
encourage the restoration of function through active care and patient reactivation (Liebenson, 2001). 
The clinical examination of function and performance can guide the management of non-specific 
disorders such as low back pain and whiplash associated disorders which often correlate poorly with 
structural pathology (Croft et al 1998, Spitzer et al. 1987). Poor motor control can contribute to deficits 
in strength, endurance, balance and co-ordination with the development of subsequent pain 
syndromes. Impairments i.e. specific structural or functional abnormalities, of the cervico-thoracic 
spine also correlate with both cognitive behavioural issues and disability (Mannion 1999). A number of 
quantitative and qualitative functional tests have been advocated for the evaluation of the upper 
quadrant; neck upper back and shoulder (Janda 1996, Liebenson 2007, Murphy 2000). Valid and 
reliable assessment of functional capacity in working populations is an important component of both 
the identification and management of WRMD’s. Which functional tests have utility in the work 
environment for the assessment of early mild to moderate MSD’s requires further evaluation.
REVIEW OF THE LITERATURE
SECTION 2
2.1 Introduction to Literature review
This literature review aims to investigate approaches to the clinical epidemiological evaluation of 
WRMD’s in the neck and upper extremities with particular emphasis upon the assessment of early 
signs of clinical disorders in working populations. A critical review of WRMD’s, relevant models, MSD’s 
and computer work, classification and assessment of these conditions is made. The methods 
reviewed in this study are applicable to the evaluation of individual female computer users in order to 
assess current functional status.
2.2 Literature search strategies
The search was systematic but not exhaustive and targeted clinical assessment of mild to moderate 
neck, upper back, shoulder and arm conditions of a work-related nature. The application to the target 
cohort of female computer users was considered. The nature and purpose of the testing was as a 
screening/surveillance protocol and spanning the area between questionnaire based approaches and 
full diagnostic examination. As a result the literature is of a diverse nature covering a broad range of 
topics and areas.
The overall structure of the literature review is outlined below and will provide an overview of the 
following areas, with relevance to the clinical assessment of WRMD’s in the specific population of 
female computer users. Relevant studies were identified through a comprehensive search of national 
library of medicine databases (PUBMED, EMBASE, OSH-ROM, CINAHL, and MEDLINE) from 1987 
until 2007. Specific search terms included work-related neck shoulder pain, validity, clinical 
examination, computer users and classification criteria. The research log Part 2 outlines the search 
parameters in greater detail.
2.3 Overview of literature review topic areas
1) Relevance of topics to study aims and objectives
2) Definitions and terminology
Musculoskeletal functional status 
Classification of dysfunction
3) Review of musculoskeletal disorders and the subset of work-related MSD’s
Definition
Impact and scale of problem 
Prevalence
Prevalence in computer users
4) Pathogenesis of MSD’s
Natural history 
Dysfunction
5) Models of WRMD’s
Armstrong Model
Whalstrom, Sauter and Swanson Models
6) Health surveillance and screening
7) Risk factors for WRMD’s -
Physical
Psychosocial
8) MSD’s and computer work
9) Classification and diagnosis of MSD’s
Validity of classification approaches
10) Approaches to the evaluation/ examination of WRMD’s
Questionnaire 
Symptom surveys 
Functional outcome measures
Clinical examination 
Validity 
Reliability 
Functional capacity evaluations
2.4 Relevance of topics to study aims
The aetiology and development of work-related musculoskeletal disorders has been studied 
extensively. The need for effective and consistent classification of these disorders and the 
development of reliable and valid assessment methods has been advocated (Buchbinder et al. 1996, 
Buckle and Devereux 2002, van Eerd et al. 2003, Walker-Bone et al. 2003). There is still limited 
knowledge regarding the usefulness of clinical approaches to the evaluation of early signs of WRMD’s 
and the potential clinical ramifications. Epidemiological approaches to the evaluation of clinical status 
require methods that are reliable, valid, safe, non-threatening, inexpensive and easy to administer 
(Toomingas 1998). The topics covered in this literature review will address the issues of surveillance 
and screening for WRMD’s in working populations, theoretical background of this approach, current 
approaches to clinical evaluation for these disorders and help identify current deficiencies in the 
literature regarding clinical assessment of WRMD’s. Evaluation of the validity of clinical testing 
methods used to evaluate WRMD’s in largely healthy working populations is the goal.
2.5 Terminology and definitions related to WRMD’s
Health
Considered as optimal physical, mental and social well-being and not merely the absence of disease 
or infirmity (WHO 1985).
Disease
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Defined pathological entities causing observable impairments in body configuration and function or 
any deviation from or interruption of the normal structure or function of any part, organ or system of 
the body that is manifested by a characteristic set of symptoms and signs (WHO 1985).
Illness
An absence of well-being as perceived by the affected individual in the form of one or more symptoms 
or by others from an abnormality of function, or from an abnormality of behaviour for which the 
affected individual cannot be held responsible (Coggon et al. 2005).
Disorder or dysfunction
Defined as disturbed or abnormal functions of the neuromusculoskeietal system, a broader term 
encompassing both illness and disease (Hagberg et al. 1995).
Pathology
Abnormality of tissue structure or biochemical or physiological function that has the potential to cause 
illness or death (Coggon et al. 2005).
Physical impairment
Pathological, anatomic or physiologic abnormality of structure or function leading to a loss of normal 
bodily ability (Waddeli 1998)
Impairment
The loss, loss of use, or derangement of any body part, system or function 
(American Medical Association 1993:315)
Disability
A decrease in, or the loss or absence of, the capacity of an individual to meet personal, social or
occupational demands, or to meet statutory or regulatory requirements (AMA 1993 p.317) or
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classically defined as subjective functional ability limitations and intolerance (WHO International 
Classification of Human Functioning Disability and Health 2001).
Deconditioning
Is the diminished ability or perceived ability to perform tasks involved in the person’s usual activities of 
daily living (Liebenson 2007).
Work-related musculoskeletal disorders
These refer to those conditions found primarily in working populations and not related to systemic 
disease processes or overt pathology (Hagberg et al. 1995).
Stress
Non-specific response to a stressor (factor or condition causing a physiological or psychological 
response), physical or psychological/mental consisting of several psychological and/or psychological 
reactions (Whalstrom 2005)
2.6 Musculoskeletal Disorders (MSD’s)
Musculoskeletal disorders are discrete conditions which encompass a variety of inflammatory and
degenerative conditions affecting the muscles, tendons, ligaments, joints, peripheral nerves and
supporting blood vessels (Punnett & Wegman 2004, Hagberg 2005, Yassi 1997, 2000). Clinical
syndromes such as tendonitis/osis and other inflammatory conditions, nerve compression disorders
and osteoarthritis are common. Other non-specific conditions such as myofascial pain syndromes and
various regional pain syndromes, for example, mechanical low back pain and tension neck syndrome
are also included (Waris et al. 1979). Commonly affected are the low back, neck, shoulder and upper
limb, with the lower limb also frequently reported. Musculoskeletal disorders are ubiquitous in the
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population. 60-80% of people will develop back pain at some time in their lives (Snashall 1997). It is 
one of the most common health reasons given for work absence.
2.7 Musculoskeletal Dysfunction
There is a relationship between structure and function in the locomotor system. Musculoskeletal 
dysfunction can develop from a response to abnormal forces imposed upon or generated within the 
musculoskeletal system. It can affect strength, endurance, flexibility, coordination and balance. 
MacDonald (1988) outlined an extensive list of possible neuromechanicai dysfunction.
Table 1 Classification of Dysfunction
Abnormalities of posture Connective tissue (fascia, 
ligaments, joint capsule, muscle)
Anterior head carriage Adhesions, scarring, contracture
Unlevel shoulders /Scapular winging Trigger points
Abnormalities of joint movement Fibrositis
Limited movement Neuromuscular coordination
Hypermobility Muscle imbalance
Abnormal patterns of movement Abnormal patterns of movement
Acute joint locking Altered proprioceptive, nociceptive 
and neurophysiological processing
Muscle Reflex muscle spasm
Fatigue
Weakness
Tension: stress anxiety
Shortening, stretching
Physical dysfunction can develop as a result of an imbalance between physical stresses and individual 
vulnerabilities and their interaction over time (Fig.1). This imbalance may be triggered by increased 
physical stress and/or increased unaccustomed activity. Stresses such as fatigue, lack of fitness, 
postural abnormalities, faulty movement patterns and abnormal loads may cause imbalance and 
subsequent dysfunction. These stresses are commonly listed risk factors for the development of 
WRMD’s. The prevalence of dysfunction expressed by each individual is variable.
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Fig 1 The origins of dysfunction (MacDonald 1988)
Similarly, key signs of physical dysfunction have been outlined by Waddell (1998) and include 
® abnormal patterns of movement, abnormal patterns of muscle activity 
® abnormal patterns of neurophysiologic activity 
® disturbed posture and gait
• abnormal patterns of physical activity and behaviour
These measurable functional and structural abnormalities or impairments can be identified and 
quantified in order to assess functional status, modified for preventive strategies and inform treatment 
and management approaches (Yeomans & Liebenson 1997). The international classification of 
Function, Disability and Health document (WHO 2001) classifies functional status into three 
interrelated dimensions:
1) Functions - specific structural and functional impairments;
2) Activities - actions that a person performs or functional limitations;
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3) Participation - social or work involvement.
Impairments are considered as any measurable structural or functional abnormalities. Physical 
capacity tests measure function such as joint mobility, muscle strength and endurance. Classically, 
impairment was viewed as an objective state with disability considered subjective. Impairments have 
been related to psychological cognitive behavioural issues and can now be partly measured with 
subjective outcome questionnaires and tests of actual activities (Simmonds et al. 1998).
Some correlation between specific performance deficits and clinical pain syndromes has been 
identified. Mannion (2001) demonstrated that 51.4% of an individual’s disability could be explained by 
performance, psychological and/or pain factors. These performance factors included non-voluntary 
reflex control of movement such as position sense, balance and delayed reaction times. In spite of 
this, difficulties continue to arise in the identification of clinically significant functional impairments that 
can influence disability.
2.8 Functional Pathology
Musculoskeletal disorders and back pain in particular are related predominantly to these functional 
pathologies i.e. Restricted joint movements, stiffness, weakness trigger points in muscle and nerve 
entrapment rather than structural pathology i.e. disease, fractures and disc herniations (Mooney 1988, 
Waddell 1998, Liebenson 2007). Disorders of the upper quadrant i.e. neck; upper back, shoulder and 
upper limb also exhibit a wide range of mechanical functional disorders (Murphy 2000). Examples 
include: upper crossed syndrome, tension neck syndrome, myofascial pain syndromes, shoulder 
impingement, lateral and medial epicondylitis and non-specific forearm pain syndromes (Novak & 
MacKinnon 2002, Murphy 2000, Macfarlane et al. 2000). These conditions are hypothesized to arise 
from repetitive and cumulative trauma, often work related, and the subsequent pathological changes 
of the involved neuromechanicai structures.
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Forde et al. (2002) in a review of the pathomechanisms of WRMD’s highlights the lack of consensus 
on common epidemiological endpoints such as symptom presentation and physical examination 
findings and whether or not they represent pathological change at the tissue or cellular level.
General descriptions of the typical course of WRMD’s have been based primarily upon self reported 
symptoms and clinical observation. The progression tends to be from mild and intermittent to 
moderate and severe with a small number of cases becoming chronic (Waddell & Burton 2004). 
Postural muscle imbalance, neural pathomechanics, alterations in motor unit recruitment, reperfusion 
injury, heat shock and stress induced mitochondrial damage are all current pathomechanical theories 
(Forde et al. 2002).
Musculoskeletal pain syndromes are often primarily related to motor control issues around specific 
joint axes that cannot be clearly identified by diagnostic studies (Piligian et al. 2000, Shumway-Cook 
and Wollacott 2001). Abnormal function of the locomotor system can predispose and perpetuate 
MSD’s. Early identification of motor control issues and early signs of MSD’s may be important in the 
management of these conditions. Sahrmann (2002) has identified clinical signs of abnormal motor 
control and functional testing procedures to identify these disorders.
2.9 Work-relatedness of musculoskeletal disorders
The World Health Organisation expert committee described ‘work-related’ diseases as multifactorial, 
where the work environment and the performance of work contribute significantly but as only two of a 
number of factors that contribute to the causation of disease (WHO 1985).
The term work-relevant MSD’s has been recently advocated by Burton et al. (2008) further
differentiating those disorders that are related to work activity but may or may not be directly caused
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by the work environment.
These conditions differ from musculoskeletal accidents and include a variety of pain syndromes 
affecting the musculoskeletal system often characterised as cumulative trauma disorders or repetitive 
strain injuries of a chronic recurrent nature (van Tulder et al. 2007). These conditions include 
occupational low back pain, tension neck syndrome, mechanical neck pain, shoulder impingement 
syndrome, lateral epicondylitis, non-specific forearm pain, carpal tunnel syndrome and a number of 
other conditions affecting the lower limb, such as osteoarthritis of the hip and knee, achilles tendonitis 
and plantar fascitis (EAHSW 2004). Common disorders are summarised by Yassi (1997) and include 
the conditions listed in Table 2.
Table 2. Common Work-Related Musculoskeletal Disorders (Yassi 1997)
Tendon related disorders Peripheral nerve entrapment
Tendonitis Carpal tunnel syndrome
Tenosynovitis Guyon tunnel syndrome
Stenosing tenosynovitis Radial tunnel syndrome
Peritendonitis Pronator teres syndrome
Ganglion cyst Cubital tunnel syndrome
Epicondylitis lateral or medial Neurovascular/vascular disorders
Thoracic outlet syndrome 
Hand arm vibration syndrome
Muscular disorders Ulnar artery thrombosis
Focal dystonia Joint/joint capsule disorders
Fibromyositis Osteoarthritis
Myalgia Bursitis
Tension neck syndrome Synovitis
Myositis Adhesive capsulitis
The most common work-related health problems are muscular disorders, stress and overall fatigue 
which are reported by 20-30% of healthy active employees (HSE 2007).
2.10 Risk factors
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2.10.1 Physical risk factors
There is strong epidemiological evidence that physical demands of work: manual handling, lifting, 
bending, twisting and whole body vibration can be associated with increased reports of low back pain, 
aggravation of symptoms and reported injuries. (Waddell et al. 1999) A number of risk factors for the 
neck shoulder and upper limb have also been identified. Factors such as heavy lifting, mechanical 
pressure, vibration (segmental or whole body), and exposure to cold are particularly associated with 
upper extremity disorders. Physical demands such as repetitive movement patterns, non-neutral 
postures, forceful exertions, rapid work pace, and insufficient recovery time are also commonly 
reported risk factors for neck shoulder and upper extremity disorders (Mani & Gerr 2000).
Ariens et al. (2000) in a prospective, cross sectional study reported an association between prolonged 
sitting and neck pain. Factors such as neck flexion, non-neutral shoulder posture flexion and 
abduction were positively associated with neck and arm pain. Increased inner elbow angle and 
extreme positions of the wrist i.e. extension >20 increased the risk for carpal tunnel syndrome. 
Interactions between extreme postures and repetitive tasks were associated with WRULD’s. The 
increased force associated with 3-4 hours of mouse use also produced forearm muscle fatigue.
Physical work risk factors as summarised by NIOSH (1997) are outlined in Table 3. A positive 
relationship for posture and neck shoulder musculoskeletal disorders exists.
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Table 3 Risk factors for neck, shoulder and upper limb MSD’s (N10SH 1997) 
//strong association Vsome association x no association
posture repetition force vibration combination
Neck/neck shoulder VV V V X x
Shoulder V a/ x X x
Elbow X x V X VV
Hand wrist V V 1 X v v
For non-specific conditions, highly repetitive work, static or constrained neck and shoulder postures 
and high physical loads or forces of sustained duration and intensity are reported risk factors. The 
most important work system factors are prolonged static muscle load, highiy repetitive and 
monotonous work, high force exertions or mechanical compression of tissues especially of the hands 
use of vibrating equipment and tools and work with many deadlines and little control (Buckle 1997).
Job titles which have a high manual component utilising the hand and wrist such as clerical positions, 
cleaning, packaging and postal work have been identified as high risk for these conditions (Bonde & 
Mikkeisen 2005)
2.10.2 Psychosocial risk factors
Psychosocial factors at work are the subjective aspects of work as perceived by the workers and the 
managers (Robertson & Moon 2002). They often have similar terms to work organisational factors, but 
are different in that they carry emotional value for the worker. Psychosocial factors are the individual 
subjective perceptions of the work organisation factors (Hagberg et al. 1995).
Psychosocial stressors both organizational and individual have been identified as an important risk
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factor for work-related neck and upper limb disorders (Bongers & Kremer 2002). Particularly, high job 
demands and low locus of control have recently been implicated and are receiving the majority of 
attention in the recent literature (Bongers et al. 2002). For neck and upper limb disorders, intensified 
workload, low job control, low social support and perceived monotonous work were identified in the 
NIOSH (1997) review as possible psychosocial work factors contributing to the development of these 
disorders. See Table 4.
Table 4 Psychosocial risk factors (NIOSH 1997) 
Psychosocial Risk Factors
e High job demands 
« Low decision latitude 
® Time pressure 
9 Mental stress 
© Job dissatisfaction 
® High workload
• Lack of social support from colleagues and superiors
2.10.3 Individual susceptibility
As summarised by Hagberg e t al. (1995) individual variation to MSD’s can be influenced by increasing 
age, female sex, anatomical variations such as cervical ribs or underlying pre-clinical systemic disease 
such as diabetes. This may result in a decreased threshold for a given exposure subsequently 
contributing to the development of a WRMD's. Individual factors are hypothesized to modify the 
associations between physical demands, physical load, work organisation and mental stress 
(Whalstrom 2005). Compared to work-related ergonomic factors individual factors generally have a 
lower magnitude of risk (Buckle & Devereux 2002).
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2.10.4 Gender
MSD’s and WRULD’s in particular are more common among women (Whalstrom 2005). The 
prevalence of neck and shoulder disorders in female white collar workers is double that for men 
(Lundberg 2002, Polanyi et al. 1997) The estimated odds ratio for reporting MSD symptoms among 
computer users is 11.9 (95% confidence interval 2.9-50.0) for women to men (Ekman et al. 2000). The 
type of work tasks and additional non occupational workload has been hypothesized to contribute to 
the marked gender differences (Hooftman et al. 2004). Punnet & Berqvist (1997) in their review of 
Video Display Unit usage and upper limb disorders also report that women report more neck and 
shoulder disorders than men. Consultations with primary care practitioners are also higher in females 
(Walker-Bone et al. 2003).
Among the conclusions of the NRC/IOM (2001) report were that the weight of the evidence justifies 
the identification of certain work-related risk factors for the occurrence of MSD’s of the low back and 
upper extremities and that modification of those physical and psychosocial factors could reduce 
substantially the risk of symptoms for low back and upper extremity disorders (Punnet & Wegman 
2004).
2.11 Scale of the problem
Musculoskeletal disorders are the most common occupational illness in Great Britain affecting 
approximately 1.1 million people per year (HSE 2007). In 1995-1996 musculoskeletal disorders cost 
an estimated 5.7 billion pounds. An estimated 12.3 million working days/year are lost to work-related 
MSD’s in the UK. The HSE has estimated that WRMD’s cost employers 590-624 million pounds/year 
based on 1995/1996 prices (HSE 2004 b).
Musculoskeletal disorders cause more work absenteeism and disability than any other group of
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diseases in the US, Canada, Sweden, Finland and England (Punnet & Wegman 2004). The NRC IOM 
(2001) report outlining the state of WRMD’s in the USA estimated MSD's accounting for 130 million 
total health care encounters and the work-related economic burden as $45-54 billion annually in 1999.
In the UK work-related musculoskeletal disorders (WRMD’s) are a common cause of ill- health, pain 
and often result in disability. From 2001-2002 40.2 million work days were lost to WRMD’s (HSE 
2004a). The nature and structure of society necessitates an ongoing presence and involvement in 
paid activity in and out of the workplace. Great Britain currently has a working population of 27.7 
million people doing 29.5 million jobs (FISE 2004b). The variability of work-related stress both physical 
and mental has been shown to impact upon the health and well-being of the individual. Individual 
variability and reactivity to stressors has a bearing upon the reporting of injury or ill health and active 
seeking of treatment for the resultant clinical disorders (Devereux et al. 2004). The numbers of people 
reporting and presenting to health practitioners with resultant lost time, productivity and individual 
suffering is substantial within both industrialised and more recently, developing societies (WHO 2003).
As a result of the scale of this problem extensive research has been undertaken and 
protocols/guidelines developed in order to assess, manage and prevent the onset of these conditions. 
This is an attempt to reduce their impact upon the individual, business and society (CSAG 1995, 
Waddell and Burton 2000). In a systematic review of WRMD’s in general practice, Weevers et al. 
(2005), reported high prevalence rates of potentially work-related diseases, particularly low back pain, 
neck pain and shoulder pain. Musculoskeletal disorders are the main reasons for work-related 
consultations in general practice.
The primary objective of health policy regarding WRMD’s is to minimise the amount of lost time, 
disability and cost both economically and personally to workers experiencing work-related 
musculoskeletal ill health. This encompasses early detection, timely intervention and appropriate 
management which include relevant rehabilitative strategies (Royal College of General Practitioners 
1999 Waddell et al 2009). Implementation of this policy has been largely ineffective.
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2.11.1 Labour force surveys
The 2005-6 Labour Force Survey of Self-reported work-related illness (HSE 2007) reported 
approximately 2 million people suffering from an illness perceived as work-related. Musculoskeletal 
disorders were the most common followed by stress and anxiety. Males generally demonstrated a 
higher prevalence of disorders with females exhibiting a higher incidence of new conditions. The 
estimated prevalence of neck shoulder and upper limb MSD’s was approximately 33%. These rates 
were similar for 2003-4 and 2005-6. Twenty-four million working days were lost due to work-related 
illness.
According to the HSE commissioned Labour Force Survey carried out in 2004, 5.7 million working 
days were lost from back injuries, 4.1 million days were lost from work-related upper limb disorders, 
and 13.4 million working days were lost to stress-related disorders (HSE 2005).
A number of previous Labour force surveys, commissioned by the HSE have examined self reported 
work-related ill-health in the years SWI1990, SW11995, SWI1998/99 and SWI2001/02. The SWI01/02 
survey indicated an estimated 1,126,000 people in Great Britain suffered from a musculoskeletal 
disorder which in their opinion was caused or made worse by their current or past work. Five hundred 
and twenty thousand suffered from a disorder mainly affecting the back, 396,000 from a disorder 
mainly affecting the upper limbs or neck and 209,000 mainly affecting their lower limbs. An estimated 
240,000 were new (incident) cases. Forty-three percent had a disorder mainly affecting the neck, 40% 
mainly affecting the upper limbs and 16% mainly affecting the lower limbs. The estimated prevalence 
was higher in 2001/2 than the previous survey in 98/99 but lower overall that 1990 and 1995.
Unfortunately the SWI surveys are extrapolated from a population of only 98,000 and assessed only 
people who have worked in the last 12 months. The self reported nature of the work-relatedness of
their condition is also subject to bias. Much of the data is of a self reported nature which may
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underestimate the prevalence of the mild to moderate conditions. Regardless of the methodological 
flaws WRMD’s are a common and costly problem.
Medical costs for work-related back disorders are estimated at between 84-127 million pounds, neck 
and arms -  32-104 million pounds, lower limb -  17-55 million pounds. Direct and indirect costs to 
employers of WRMD’s are estimated at 5,251 pounds/injured worker. Each person forced to stop 
working due to work-related illness loses an average of 51,000 pounds before retirement age 
(European Agency for Safety and Health at Work 2000).
2.11.2 European perspective
From a European perspective it is estimated that the economic costs of all work-related ill health range 
from 2.6-3.8% of individual union member’s gross national product. Approximately 40-50% of the 
costs will be for musculoskeletal disorders. 20% of GNP is lost through poor workability and poor work 
environments (WHO 2004). More than 600 million working days are lost due to work-related ill-health 
in Europe each year. Costs to business include lost production, staff sickness, compensation and 
insurance costs, losing experienced staff, recruiting and training, effect of discomfort and ill health on 
productivity and quality of work of employees (European Union fact sheet 2000).
2.12 Prevalence of musculoskeletal disorders affecting the neck, shoulder and upper limb
Population surveys report the lifetime prevalence of neck pain as 50-70% with 12-34% of the general
population experiencing neck pain annually (Bovim et al. 1994). 15-30% of adults have shoulder pain
at a given point in time and 20% report experiencing shoulder pain during the previous month. In the
UK Hill et al. (2004) report up to 31% of adults experienced neck pain during the last month, with 48%
of neck pain patients reporting pain one year later. Neck, shoulder and upper limb disorders are also a
commonly self-reported condition in the work environment (Palmer 2001, Buckle 1999). In a review of
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the literature Walker-Bone et al. (2003) reported a high point prevalence of pain ranging from 10-26% 
in the neck and shoulder with 8-17% experiencing elbow forearm and wrist pain. The number reporting 
troublesome neck pain during the last year was 40%, shoulder upper arm 19%, elbow 12% and hand 
wrist 20% (Walker-Bone et al. 2003).
In a recent cross sectional study of 9,696 individuals Walker-Bone et al. (2004) reported that upper 
limb pain is common in adults with a prevalence of specific disorders of 44.8% relative to non-specific 
arm pain; 24.7%.; Shoulder tendonitis 4.5% males, 6.1% females, and adhesive capsulitis 8.2% 
males, 10.1% females, were the most common site specific prevalences.
The incidence and prevalence of these conditions reflects the common occurrence in the general 
population with a point prevalence of 20% for neck, shoulder conditions (Allander 1974) and a lifetime 
prevalence of >70% for neck pain reported (Walker-Bone et al. 2003). The high background 
prevalence and incidence of non work-related MSD’s also complicates the evaluation of the aetiology 
of these conditions (Woolfe & Akesson 2001). Additionally the natural history of these conditions is 
one of exacerbation and remission with recurrence (Walker-Bone et al. 2003b).
The variations in reported prevalence in these studies are a result of differences in classification 
criteria, populations, study approaches and time periods
Cote et al. (2004) in a large population based prospective cohort study found the annual incidence of 
disabling neck pain to be only .6%, of which 22.8% became recurrent. The incidence was 1.67 times 
higher in women and was more likely to persist. The criteria for disabling neck pain markedly reduced 
the prevalence rate. Van den Heavel et al. (2005) reported the 3 year incidence of neck shoulder pain 
to be 24% in a prospective cohort study. Pain in the neck during the last year was reported by 34% of 
workers in Britain (Palmer et al. 2001).
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Van Tulder et al. (2007) in a recent review reports prevalence as high as 22-40% for non-specific neck 
and upper limb disorders in specific working populations, it is unclear the relative proportions that are 
due to non-specific versus specific musculoskeletal disorders in the majority of cross sectional studies. 
Additionally, Walker-Bone et al. (2003) also noted the limitation of self reported symptoms only in the 
majority of studies. Regardless, regional pain in the neck and upper limb is common in adults and 
particularly widespread in computer users (Punnet & Berquist 1997).
The HSE Stress MSD study (Devereux et al. 2004) of 3139 participants reported 18% of participants 
experience self reported neck complaints of more than 3 times or lasting more than 1 week in the 
previous year. Of these 54% had experienced a neck problem within the last 7 days. Shoulder trouble 
was 17%, 7 day 55%, 9% elbow forearm pain, 56% last 7 days and 18% hand wrist with 50% 
reporting trouble over the last 7 days. These participants were from a variety of occupational groups 
and both sexes.
Previous studies by Hagberg & Wegman (1987) Silverstein (1987) and Hales et al. (1994) have found 
prevalence’s of 50-80% for neck shoulder and upper limb disorders in working populations. These 
conditions tend to be chronic episodic and recurrent with exacerbations and remissions common 
(Thomas et al. 1999). Again variations in sample sizes, populations and disorder criteria influenced the 
prevalence rate.
These population based studies are based primarily upon self-reported data and do not provide 
information regarding clinical diagnosis, physical findings or severity of conditions. No information on 
the causative nature of these disorders is possible from these cross sectional and descriptive studies. 
The wide variation in reported prevalence is most likely due to variations in classification criteria, 
methods of data collection and variety in sampling. This results in alterations of the reported 
prevalence for these conditions.
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2.12.1 Musculoskeletal disorders and computer work
Computer work is characterised by high static load and often monotonous and repetitive tasks. In the 
UK approximately 32% of workers are undertaking work at the computer (Buckle & Devereux 2002, 
Cherry & Meyer 2001). These roles are also predominantly held by women. The physical stress is 
often iow but associated with moderate to high levels of psychosocial stress both during and after 
work. It is estimated that white coiiar workers use 1-2% of their physical capacity. Neck shoulder and 
upper limb pain syndromes and dysfunction are commonly associated with this activity (Gerr et al. 
1996). Stress, decreased productivity and adverse health effects have been reported due to 
symptoms in Video Display Users (Hakala et al. 2006).
Gerr et al. (2002) in a large prospective study of computer users reported an annual incidence of 58 
cases/100 person years in the USA. MSD’s affected more than half the study participants using their 
computer for greater than 15 hours/week in their first year in a new job. Again, a preponderance of 
women were affected.
They noted the most common neck shoulder disorder to be tension neck syndrome, defined as the 
combination of decreased range of neck flexion and extension, lateral flexion or rotation and pain on 
palpation of the trapezius or sternocleidomastoid muscles. A prevalence of 10-62% for neck/shoulder 
area MSD’s in computer users has been reported in cross sectional studies (Jensen et al. 2002, 
Bergqvist et al. 1995, Bernard et al. 1994). Risk factors include postural load, non-neutral neck, 
shoulder and wrist alignment, duration of VDU work > 4 hours (for females) and work station design 
which can contribute to sustained postural stress (Punnett & Berqvist 1997). Time pressure, and high 
perceived workload as well as increased mouse use were also shown to be associated (Haufler et al. 
2000).
Brandt et al. (2004) in a prospective longitudinal study evaluated a cohort of 9480 Danish computer
users by questionnaire and clinical examination with a 1 year follow up. Prevalence of self-reported
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mild to moderate neck and right shoulder pain was 4.1% and 3.4% respectively for pain during the last 
7 days. Pain was highly associated with female gender, former accident and current medical 
conditions. Few cases met commonly accepted specific criteria for clinical diagnosis.
Korhonen et al. (2003) in their prospective survey of VDU users found an annual incidence of neck 
pain of 34.4%. Poor physical work environment and female sex were predictors for incident neck pain. 
Physical exercise was reported as a possible preventive factor. A low inclusion criterion of only 4 
hours per week of VDU usage was used which may have resulted in exclusion of potential cases.
The use of VDU’s is characterised by low level muscle activity especially in the trapezius musculature. 
Insufficient periods of muscular rest are associated with increased risk of neck and shoulder 
symptoms. It appears that the involved musculature can become continuously active during static as 
well as active arm movements. This results in differences in motor unit activity patterns (Ming & Nahri 
2004). Altered recruitment and motor unit activity patterns, with selective motor unit fatigue and 
substitution can result. Consequently physical exercise has been advocated as a preventive 
intervention for neck pain particularly among sedentary workers (Korhonen et al. 2003).
Ekman et al. (2000) reported 36% of female Swedish computer users experienced pain in the neck 
and upper iimb at least 1 day during the last week. Jull-Kristensen et al. (2004) in a prospective study 
of risk factors in computer users for developing shoulder, elbow and back symptoms found 18%, 10% 
and 23% had symptoms more often in the shoulder, elbow and low back respectively. Previous 
symptoms were a significant predictor of recurrent symptoms implying a persistent nature to MSD’s.
Hales et al. (1994) in a study of 533 visual display terminal (VDT) operators documented a variety of 
upper limb conditions in 22% of participants with tendon related conditions most common (15%). Gerr 
et al. (2002) reported from a iarge prospective study, the one year incidence of neck and shoulder
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symptoms was 58% with hand arm symptoms 39%. Physical findings were also related to the neck 
shoulder complaints in 35% of cases, diagnosed as somatic shoulder neck syndrome.
In a large cross sectional study of 6973 computer users approximately 20% complained of moderate 
to severe neck and shoulder pain. Physical examination however did not reveal a large number of 
diagnosable conditions (Lassen et al. 2004). Diagnoses depend upon choice and validity of the clinical 
tests employed and the diagnostic criteria used. Jepsen (2004) notes that somatic shoulder neck 
syndrome is characterised by non-specific signs and may well be a neuropathic condition.
Palmer et al. (2001) in a large survey of 21,201 participants found pain in the neck or upper limbs and 
sensory symptoms were common in non-manual workers with a 1 week period prevalence of 30% and 
15% respectively. In female keyboard operators the symptom prevalence was 22.9% for neck pain, 
21.2% for shoulder pain, 4.6% for elbow pain, 15.1% for wrist and hand pain. Tingling and numbness 
in the upper limb lasting at least 3 minutes had a prevalence of 18.1%. This was based upon keyboard 
use of greater than 4 hours/day.
Berqvist et al. (1995) found 62% of computer users reporting neck shoulder discomfort in the past 
year. Bernard et al. (1994) found 26% reporting neck and 17% reporting shoulder discomfort in the 
past year. In both of these studies the prevalence drops substantially when the 7 day prevalence is 
calculated. In Gerr’s study (2002), he also noted the prevalence decreasing when examination 
confirmed diagnoses are incorporated. This implies a high number of reported chronic symptoms with 
physical findings that do not necessarily fit current diagnostic criteria.
Variations in study results can relate to the so called ‘healthy worker’ effect which can also influence
the prevalence rates (Punnett 1996). Self selecting of problem cases out of employment in large
studies can result in a lower level of severity of conditions and reporting of MSD’s (Gerr et al. 2004).
The remaining population may have developed the coping skills required for continued employment
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with ongoing musculoskeletal trouble. Reduced productivity without documented sick-leave secondary 
to neck and upper limb symptoms has also been reported by Hagberg et al. (2002).
The majority of epidemiological studies have often included males in the calculation of prevalence 
rates. These studies have not targeted females only which may have tended to lower prevalence 
rates as males appear to require increased exposure (higher hours/day) in order to develop WRMD’s 
and tend to report less (Jull-Kristensen et al. 2004).
Roqueiaure et al. (2006) describe the results obtained using an epidemiologic surveillance system of 
work-related upper limb MSD’s implemented in France. Health status was assessed using both self 
administered questionnaire and standardised clinical examination. More than 50% of 2685 men and 
women experienced non-specific MSD’s during the preceding 12 months with 30% experiencing 
disorders during the previous 7 days. The Nordic questionnaire was used to assess for the presence 
of non-specific MSD’s in the neck shoulder and upper limb.
In Roquelaure’s study the prevalence of neck shoulder upper extremity disorders was 58% for women 
and 53% men, 35% and 27% for 7 days men and women respectively. Symptoms affected primarily 
the neck, shoulder and wrist. Nineteen percent reported symptoms lasting longer than 30 days. The 
mean pain intensity was 4.2 overall and 4.7 for neck shoulder and wrist on a 0-10 scale. The right 
shoulder was most commonly involved (52%) with participants often reporting multiple sites. This 
supports the described chronic, recurrent, non-specific and integrated nature of these conditions. Non­
specific upper limb symptoms and specific upper limb MSD’s are common in the working population 
and particularly in female computer users.
2.13 Pathogenesis of Work-related Musculoskeletal Disorders
Due to the multifactorial nature of these conditions it is assumed that repeated physical stressors such
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as movement, posture, static work, continuous loading of tissues and/or lack of recovery time can 
contribute to a pathological process which manifests as a WRMD (Hagberg et al. 1995).
2.13.1 Armstrong model
Armstrong et al. (1993) developed the first systems model outlining the pathogenesis of WRMD’s 
which includes the interactions between exposure, dose, capacity and response (Fig. 2). Cumulative 
trauma or repeated exposure to forces exceeding the body’s ability to adapt and repair, results in a 
dose-response relationship that is mediated by the individual's capacity to cope. The production of 
internal forces, termed a dose, results in a multisystem physiological body response. Decreased 
capacity to cope can result in the development of pathology and/or symptoms due to structural 
changes within the involved tissues. The individual capacity of the system to adapt to the dose may 
modify overt expression of illness. This initial model has been modified and expanded to incorporate 
the interactions of individual capacity to specific physical, psychosocial and organisational exposures 
(Sauter & Swanson 1996).
Exposure 
(Work Requirements)
Fig 2 Armstrong Model (Armstrong ef al. 1993)
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Leaval and Clark (1965) in their model of the natural history of disease note that any disorder is the 
result of a process stimulated by causal factors (Fig. 3). These factors can be influenced by various 
stimuli which the organism reacts to. The reaction can manifest as an identifiable disorder which may 
lead to recovery and improved resistance. As tissue changes progress early signs of dysfunction may 
become apparent prior to reaching the ‘clinical horizon’.
THB NATURAL HISTORY OF ANY D/SBASE OF MAN
Interrelations of AGENT, 
HOST, AND ENVIRONMENTAL 
factors to produce 
disease STIMULUS ^
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k •  Signs and symptoms
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HOST STIMULUS INTERAt
inges
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TflQN ^  HOST REACTION ^
Prepathogenesis Period Period of Pathogenesis
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2.14 Diagnosis
Classical diagnosis or the process of classifying a patients illness involves the identification of a target 
disorder through the interpretation of a number of symptoms (manifestations perceived by the patient) 
and signs (manifestations perceived by the clinician) that result from the patients reaction to the 
disorder (Sackett et al. 1985). The purpose of this classification is to inform clinical action which will 
hopefully optimise the individual's health. Diagnostic testing can aid in the early detection of disorders 
before illness and help grade the severity of existing disorders. Clinical examination which combines 
history and physical examination variables is acknowledged to be the most effective approach to 
diagnosis.
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2.14.1 Early diagnosis and the natural history of disease
The objective of early diagnosis is the early detection of pre-symptomatic disease. The natural history 
of disease as summarised by Sackett et al. (1985) Fig. 4 goes through 4 distinct stages beginning with 
biological onset, early diagnosis possible, usual clinical diagnosis and outcome:
1. Biological onset: the interaction of man, causal factors and environment
2. Early diagnosis possible: asymptomatic disease which produces functional and structural changes 
identified by screening, case finding and periodic health examination
3. Usual clinical diagnosis: disease progresses to symptomatic stage and individual seeks help
4. Outcome: recovery, permanent disability or death
Targets for early diagnosis can be disease entities and/or risk factors for disease. These concepts 
have been applied in epidemiological surveillance and screening assessment of populations and 
groups for a variety of conditions including MSD’s.
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BIOLOGIC DIAGNOSIS CLINICAL
ONSET POSSIBLE DIAGNOSIS OUTCOME
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Recovery
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Fig. 4 Natural history of disease (Sackett et al. 1985)
Musculoskeletal disorders are known to exhibit exacerbations and remissions. In primary care 40-50% 
of patients with shoulder and back pain report that their symptoms have persisted or recurred one year 
after their initial consultation (Van der Windt et al. 1996, Croft et al. 1995) Variation in the progression
and the relationship between symptom onset and pathological change, the type and intensity of
33
exposure, type of WRMSD and/or specific mechanisms is unclear. Unfortunately the variables that 
influence reporting of symptoms such as gender and coping strategies and subsequent clinical 
conditions are also unclear (Linton 2002).
2.15 Ecological model of Sauter and Swanson (1996)
The ecological model of Sauter and Swanson (1996) is specific to computer users and incorporates 
biomechanical, psychological and cognitive factors in the aetiology and development ofWRMD's. Both 
biomechanical and psychological strain are theorised to be moderated by individual factors and 
capacity. Psychosocial, work organisation and cognitive factors also moderate the process. Resultant 
biomechanical and psychological strain influence muscle tension and subsequent outcomes such as 
symptom attribution and reporting, health care utilisation and disability. This model (Fig. 5) provides a 
theoretical background to the current study incorporating a biopsychosocial approach to the 
development and evaluation of WRMD’s in this particular working group of VDU users. The model 
acknowledges the potential physical manifestations of stressors upon the musculoskeletal system and 
the potential for early detection of these changes.
The mechanisms involved in psychosocial stress moderating biomechanical strain and subsequent 
musculoskeletal outcomes are still unclear (Amick et al. 1999). However, the detection, labelling and 
attribution of sensations secondary to biomechanical strain may be amenable to identification by 
clinical signs. For example increased muscle tension secondary to biomechanical and psychological 
strain may be perceived or unperceived i.e. sub clinical tenderness to palpation and demonstrable 
upon provocative testing.
This model demonstrates the systems view of feedback and adaptation to environmental demands 
with subsequent clinical outcomes. They also acknowledge the importance of individual factors in 
particular physical capacity.
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Wahlstrom (2005) in her review of WRMD’s in computer users offers a modified simplified version of 
Sauter & Swanson’s ecological model (1996) for the relationship between MSD’s and computer work. 
See Fig. 6. A direct relationship is hypothesised between both video display unit and office technology 
and both physical demands and work organisation factors. The association between physical 
demands and physical load is theorized to be modified by individual factors. These include gender 
differences and work technique. Mental stress and the perception of work organisation factors are also 
modified by these individual factors. Mental stress can directly influence perceived muscular tension in 
this modified model. Job stress and workstyle have been positively associated with both office work 
and the development of upper extremity pain and dysfunction (Haufler et al. 2000) Individual factors 
are a key modifying factor in the development of these disorders both from a physical and 
psychosocial perspective. Further evaluation of these individual factors, particularly musculoskeletal 
functional status is required.
Whalston’s simplified version of the Sauter and Swanson model limits the graphical interactions 
between various risk factors and generalises the effects upon the individual. It offers a workable 
overview of the model which may help in the clinical application of the underlying theoretical concept. 
The modification of detect sensation and labelling attribution to perceived muscular tension is an 
attempt to generalise the effects of VDU related stressors upon the individual. However this eliminates 
the identification of tissue damage as a component part of the development of these conditions. It also 
negates the other potential clinical effects that may be experienced by the individual, both physical 
and psychosocial, which may be observable through clinical assessment. This model will be used as a 
framework for this study in evaluating clinical examination of working computer users.
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2.16 Approaches to worker health assessment
2.16.1 Health surveillance
Surveillance; ‘to watch over’ is a core activity of occupational health and safety programmes. Health 
and risk factor surveillance provide a means for early identification of patterns of symptoms, disorders 
and risk factors. It also allows for the monitoring of trends in WRMD’s. Health surveillance can take the 
form of periodic clinical and/or physiological assessment of individual workers. The rationale is to 
detect adverse health effects resulting from occupational exposures at as early stage as possible so 
that appropriate measures can be instituted promptly (Koh & Wah 2003). As a form of secondary 
prevention surveillance also identifies individuals at increased risk, provides opportunities for health 
education, can tailor self management, and evaluate control measures.
The criteria for health surveillance include where the presence of the hazard is essential or inherent to 
the work process and if the relation between the extent of exposure required to produce a health effect 
is not well defined. The aetiology of WRMD’s incorporates both these criteria. Koh & Wah (2003) go 
on further to state that the prime purpose of health surveillance is prevention requiring intervention and 
evaluation of effectiveness.
2.16.2 Screening
Screening is a component of surveillance that utilises examination tests in order to identify individuals 
who are developing disorders in comparison to well individuals. Screening tests while not diagnostic 
allow early identification of developing disorders, possible prediction of future risk, target individuals for 
early treatment and estimate current functional capacity (Hagberg et al. 1995).
While there is currently no evidence that screening can predict future development of WRMD’s,
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utilisation of screening for early detection of decreased function by identifying early subtle signs of 
increasing dysfunction or disorder may be beneficial. The International Occupational Medicine report 
(2001) emphasizes improved surveillance as a means of improved prevention strategies.
Tools used for surveillance are generally classified as passive or active approaches. Health related 
interviews and/or brief physical examinations are classified as active level 2 approaches (Hagberg et 
al. 1995). There are a number of possible methods for conducting surveillance for work-related 
musculoskeletal disorders based on health outcome: workers' compensation, sickness and accident 
insurance, medical records, self-administered questionnaires, professional interviews, and physical 
examinations. Silverstein et al. (1997) found combined physical examinations plus interview (point 
prevalence) rates were similar to self-administered questionnaires.
Active level 2 health surveillance involves periodic medical evaluation to identify those individuals in 
the early stages of progressive disease. These individuals would then be candidates for early 
secondary prevention through appropriate advice, self-care, treatment or work modification (HSE
1990).
Physical examinations and clinical testing are generally labour intensive and often require trained 
clinicians to administer. There have also been questions regarding the reliability and clinical 
usefulness of traditional orthopaedic testing in relation to questionnaire based approaches. None of 
the current approaches to clinical assessment appear to incorporate a functional approach to 
assessment in evaluating the individual. As symptoms are variable and not always related to either 
degree of pathology and/or work status the development of a functional assessment protocol, not just 
provocative testing may be useful. This may allow increased specificity of individual intervention 
strategies. Incorporation of psychosocial assessment in a biopsychosocial framework may further 
enhance the utility of such an assessment tool.
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The delivery of clinical assessment tools has traditionally utilised clinical personnel which can be both 
time and labour intensive. Self-assessment protocols have been evaluated on a limited basis 
(Toomingas 1995, Palmer 2000, Hellsing et al. 1997). These approaches while utilising a biomedical 
approach on specific anatomical areas have shown some promise. Simplified limited clinical 
evaluation using in house occupational health personnel may be viable.
Lucchini et al. (2003) outlined a protocol for the health surveillance for workers exposed to repetitive 
arm movements. The identification of susceptible individuals, identification of early disorders and 
prevention of the onset of more severe damage was the goal. They recommended differentiating 
acute/sub acute conditions from subchronic and chronic. Suitable health education to follow was 
emphasized.
Screening can potentially negatively impact the individual and the work place. False positive results 
have been shown to contribute to illness behaviour and unnecessary examination and treatment 
interventions (Kaergaard et al 2000). Valid and reliable screening tests are required to maximise the 
benefits of early detection.
2.16.3 Current surveillance strategies
Continued health surveillance is undertaken through the voluntary reporting of occupational diseases 
by specialist doctors (THOR) incorporates the MOSS; Musculoskeletal Occupational Surveillance 
Scheme by rheumatologists of WRMD’s, SOSMl; the Surveillance of Occupational Stress and Mental 
Illness and OPRA; the Occupational Physicians Reporting Scheme (Cherry et al. 2001).
In 2002 OPRA reviewed 5710 new cases of WRMD’s with 2260 seen in the MOSS scheme. Upper 
limb disorders accounted for two thirds of all diagnoses, back conditions 25% and lower limb 
conditions 6% made in the OPRA and MOSS schemes (HSE 2005).
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While the numbers of reported new cases have remained relatively stable over the past years the 
numbers reported to RIDDOR are rising with suggested substantial under reporting in comparison to 
other sources such as OPRA and MOSS.
Estimates from the THOR schemes utilise an extrapolated sampling methodology that generate 
annual totals based upon much smaller numbers of actual reported cases. Additionally, many workers 
do not have access to occupational physicians, or fail to report less serious conditions. This could lead 
to substantial under reporting.
Specific recommendations and examples of screening and surveillance programmes in the 
occupational setting include Descatha et al. (2007), Roquelare et al. (2006), Silverstein et al. (1997), 
Fine et al. (1986), Franzblau et al. (1997), Hellsing et al. (1997), Muffy-Elsey & Flinn-Wagner (1987) 
and Luchinni et al. (2003).
2.17 Diagnosis and classification criteria
2.17.1 Diagnostic criteria
Standard medical diagnosis of these conditions is commonly based upon a group of symptoms and 
signs formulated into a clinical impression or syndrome. These syndromes are rarely pathognomonic 
and usually require further investigation to provide a definitive diagnosis. Due to these factors 
definitive diagnosis and methods of classification of these conditions are variable (Bertilson et al. 
2003).
Differences exist in the diagnostic criteria used in clinical settings to that used in epidemiologic
studies. Clinical diagnosis is used to identify the affected anatomical structures and define the
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pathological condition affecting the individual. In epidemiology, diagnostics are used on primarily 
healthy populations, are more non-specific and as a result must follow defined decision rules and 
criteria.
Clinicians have traditionally defined clinical syndromes by first developing a clinical impression based 
upon history and physical examination findings. Operational criteria are then subsequently developed. 
A provisional diagnosis is usually based upon a syndrome or cluster of symptoms and signs. Further 
investigation will then confirm or deny the working diagnosis. This is the classic hypotheitco-deductive 
strategy of diagnosis. The accuracy of the diagnostic clinical examination is important as it provides 
the basis of clinical impression and management. Determining the best tests for use in evaluating 
WRMD’s requires the evaluation of test validity. Particularly in relation to WRMD’s no definitive 
diagnostic gold standard exists.
The initial step in developing classification criteria is to nominate pertinent history, physical 
examination and laboratory parameters (Katz 2000). Those findings that best differentiate cases from 
non-cases help develop criteria for case definition. For research purposes the criteria should be 
practical, cost effective and simple to administer. The development of valid and reliable outcome 
assessment tools is an ongoing process that requires time and resources. Empirical validation must 
also be carried out on suitable populations and sensitivity and specificity must be evaluated in relation 
to the disease spectrum in the sample studied (Coggon et al. 2003).
The primary step in developing a clinical examination protocol for screening and surveillance of the 
neck and shoulder is to identify and evaluate suitable tests with respect to validity. Validity in relation 
to an appropriate reference standard in addition to reliability is one of the most important criteria when 
determining the utility of a test (Sackett e t al. 1987).
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2.17.2 Classification of work-related musculoskeletal disorders (WRMD’s)
WRMD’s have been classified in a variety of ways. Van Eerd et al. (2003) in a review found 27 
published classification systems for diagnostic criteria for the upper limb. No two systems were the 
same. There is currently no standardised system of classification or diagnosis. Helliwell (1996), 
Harrington et al. (1998), Cooper & Baker (1996) and Siuiter et al. (1998) have all advocated methods 
of assessment based upon symptomatic presentation, history, clinical examination and consensus 
approaches. There is currently no gold standard for the diagnosis of many conditions. Additionally, 
clinical examination testing alone is specific to only some types of disease and may have low 
sensitivity and reproducibility (Forde 2002). Clinical diagnosis requires history taking, laboratory 
testing and special imaging in addition to physical examination.
Clinical examination tends to imply the use of both a targeted history and appropriate examination 
procedures in order to come to a working diagnosis. It is unlikely examination tests alone would be 
used to inform diagnosis and management of clinical conditions. It is important to assess the accuracy 
of diagnostic methods including examination tests (Fritz &Wainner 2001).
A number of approaches to the examination of WRMD’s are reviewed in the literature. These range
from full clinical evaluation to limited clinical examination, self assessment and activity based
functional outcome measures. Hales et al. (1994), Ranney & Wells (1995), Solerno et al. (2000)
Hagberg (2005) Walker Bone et al. (2002). Palmer et al. (2002), Siuiter et al. (2001) and Helliwell
(2003) have all developed approaches to the classification of work-related neck, shoulder and upper
limb disorders. Siuiter et ai (2001) following a review of the literature on WRMD’s of the neck an upper
limb proposed criteria for signs and symptoms of the most common work related conditions. Upon
review however diagnosis relies heavily upon clinical opinion and has limited sensitivity, specificity and
repeatability (Walker-bone et al 2003, Van Eerd et al 2003). These approaches categorise WRMD’s
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into specific and non-specific disorders. Non-specific disorders are most commonly a diagnosis of 
exclusion of specific disorders and/ or overt pathology.
Walker Bone et al. (2003) critically reviewed the diagnostic criteria used to diagnose articular and non- 
articular soft tissue rheumatic disorders of the neck and upper limb. They found 69 articles which 
included a physical examination component. Specific diagnostic criteria were lacking as was the 
evidence for sensitivity, specificity and reliability. Symptom questionnaires (k=.52-.79), goniometric 
measurement of shoulder range of motion (k=.70) and demonstration of neck tenderness (k=.43) 
showed reasonable repeatability.
Buchbinder et al. (1996) in a critical evaluation of classification criteria found limited acceptability due 
to a lack of comprehensiveness, overlap of categories and lack of reliability and validity of inclusion 
criteria. Agreed criteria for surveillance purposes are required in order to compare epidemiological 
studies and establish dose response relationships between clinical syndromes and physical and 
psychosocial risk factors. These criteria should demonstrate good inter and intra rater reliability and be 
easy to apply in the field. For screening purposes a high sensitivity is required (Helliwell et al. 2003).
2.17.3 Clinical examination and assessment
The clinical assessment of musculoskeletal disorders classically involves a relevant medical history
and physical examination in order to determine the degree of pathological change and the tissues
involved (Hagberg 2006). A clinical diagnosis in theory allows the appropriate intervention strategy to
be undertaken. The validity, reliability and cost of standardised medical testing has been criticised
(Haldeman 1996). Joshua (2005) has commented on the limited accuracy and reproducibility of
current physical examination methods. Evidence based approaches are required in this area. In
addition, traditional biomedical diagnostic protocols have not addressed the bio psychosocial nature of
the work environment and MSD’s in particular (Waddell 1998, Bolton & Breen 1999). Walker-Bone
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(2003) in a critical review of the criteria used to diagnose non-articular rheumatic disorders of the neck 
and upper iimb demonstrated the difficulty and questioned the usefulness of diagnosis in these 
conditions. The diagnosis at present relies heavily upon clinical opinion and insufficient data to 
indicate that these criteria are repeatable, sensitive or specific (Burton et al. 2008).
In the identification of WRMD’s in the work environment, questionnaires, screening tests and limited 
clinical examinations have been used to identify and monitor these conditions (Baron et al. 1996, 
Franzblau et al. 1997, Hagberg et al. 1995, Walker-Bone 2002). A number of authors have reiterated 
the vague natures of these conditions and the need for improved diagnostic criteria in order to improve 
identification and institute appropriate early management (Hagberg 2005, Breen e t al. 2006)
A number of overlapping diagnoses are used in epidemiologic research and clinical practice. Non­
specific disorders of the neck shoulder region generally do not require extensive specialised testing 
such as radiographic assessment and laboratory testing. History taking and manual clinical 
examination are the key elements to a clinical diagnosis.
Due to differences in theoretical causative mechanisms with respect to aetiology, pathogenesis, 
anatomy and pathophysiology classification criteria are often based upon the current underlying 
theoretical construct, for example as in cumulative trauma disorders. Other approaches have been 
attempted with the Quebec task force on Whiplash Associated Disorders (Spitzer et al. 1995) 
reviewing soft tissue spinal disorders and subsequent development of a simple classification approach 
to non-specific spinal disorders based upon clinical consensus (Table 5). This could however lead to 
missing rarer more serious pathological conditions.
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Table 5 Quebec Whiplash Associated Disorders (WAD) Guidelines Classification System based
on signs and symptoms (Spitzer et al. 1995)
Grade Clinical Presentation
0 No complaint or physical sign
1 Neck complaint of pain, stiffness or tenderness 
No physical signs
2 Neck complaint and musculoskeletal signs: 
Range of motion loss or tenderness
3 Neck complaint and neurological signs
4 Neck complaint and fracture or dislocation
Interestingly, clinicians can more accurately identify cases than most history, examination and 
laboratory parameters (Katz 1990). It has been suggested that the best gold standard may in fact be 
expert clinician opinion for WRMD’s.
Biomedical approaches focus upon structural pathology that is rarely correlated to pain. Functional 
pathology however is often not related to the presenting condition. Mannion (1999) reports that 50% of 
self reported disability prior to treatment and > 50% of it post treatment is unaccounted for by 
structural, psychological, voluntary performance and /or electromyographic fatigue findings. This again 
limits the applicability of traditional diagnostic strategies to mild to moderate conditions.
2.18 Non-specific neck and shoulder pain
Approximately 50% of cases in the UK presenting with upper limb disorders are classified as non­
specific (Cooper & Baker 1996). Similar problems exist with neck pain and low back pain with respect 
to identifying a specific pathological entity (Bourghouts et al. 1998). The variability of assessment 
criteria and confusion surrounding the relationship between symptoms, functional impairment, 
disability and symptom reporting has led to inadequate identification and management strategies for
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these conditions. Some MSD’s may present with few or mild physical findings. Widespread non­
specific pain syndromes have been theorised to be similar to regional fibromyalgia type syndromes 
with associated somatisation and psychological distress (Macfarlane et al. 2000). As a result a 
substantial proportion of reported MSD’s are classified as non-specific. In order to differentiate 
between participants with and without self reported musculoskeletal disorders supplementary objective 
examination criteria may often be required (Punnet & Wegman 2004)
Hagberg (1996) reviewed the characteristics of non-specific musculoskeletal pain in the neck and 
shoulder. Non-specific conditions consist of those conditions with no identifiable pathological basis 
coupled with uncharacteristic pain patterns. Table 6 outlines the key signs and symptoms of non­
specific MSD’s.
Table 6 Signs and Symptoms of Non-specific MSD’s
Symptoms________________________________________________________________
A history of pain and stiffness gradually increasing during work and worst at the end of
the working day or week___________________________________________________
Pain localised to the cervical spine and angle between the neck and shoulder_________
Usually no radiating pain___________________________________________________
Symptoms improved by heat and worsened by cold draughts______________________
Signs_____________________________________________________________________
Tenderness over the neck and shoulder muscles ___________________________
Reduced range of motion active/ normal passive movement_______________________
No neurological deficits____________________________________________________
Differential diagnoses include TOS, Nerve entrapment syndromes and systemic 
diseases such as diabetes.
These non-specific conditions are common throughout the industrialised countries, and result in 
substantial costs with an associated negative impact upon quality of life (Nordlund & Ekberg 2004). 
The multifactorial nature of these conditions involves individual, psychosocial and physical factors. 
These factors may contribute to the development, prevention and or buffering of these conditions.
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(Hagberg et al. 1995)
2.18.1 Non-specific MSD’s in computer users
Non-specific disorders make up the majority of complaints in working female computer users (Punnett 
& Berqvist 1997). A pathoanatomical diagnosis cannot be established in these conditions as the 
mechanisms behind non-specific musculoskeletal symptoms are not weil known. The aetiology and 
pathophysiology of non-specific disorders affecting the neck shoulder and upper limb and forearm 
region are most likely similar to more established pathological conditions but in an earlier stage. 
Evaluation of these early developmental stages has been attempted with respect to neurological 
conditions such as carpal tunnel and thoracic outlet syndrome (Jepsen & Thomsen 2006).
Miller & Topliss (1988) evaluated 200 consecutive patients with suspected RSI i.e. chronic upper arm 
pain for which no diagnosis was made and which has been ascribed to occupational overuse. In the 
majority gradual onset and diffuse distribution were noted with the dominant hand more commonly 
affected. Clinical signs were few with tenderness at multiple sites reported. Some similarities to 
fibromyalgia were suggested.
Perceived muscular tension has been reported as an important early sign of MSD symptoms (detect
sensation) (Sauter & Swanson 1996). In conjunction with perceptions of comfort and exertions it has
been shown to be associated with increased risk of developing neck pain among VDU users
(Whalstrom et al. 1998). This may be an early sign of irritation and and/or dysfunction. Individual
differences in body awareness may influence the detection of increased tension. Feedback from the
experience of MSD’s can also influence mental stress at work and the work organisational factors.
There is a need to assess individual factors that influence the translation of exposure to individual
response. Traditionally physical exposure and job strain have been the primary focus of work factor
evaluation. Individual capability and response to stress could inform future interventions in high risk
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computer users.
2.19 Summary of WRMD’s in computer users
There is a relationship between computer work and the development of neck and upper extremity 
disorders. The physical and psychosocial stressors associated with computer use can adversely 
influence the neck shoulder and upper limb. Work-related physical factors include repetitive motion, 
awkward postures, forceful exertions and unnatural limb position. In females there is a higher 
incidence of development and reporting these conditions. Individual factors including age, gender, 
obesity, hormonal balance and systemic disease can influence the development of these conditions. 
These disorders can be classified as local neck shoulder disorders which include non-specific 
conditions and/or referred pain into the upper limb and commonly present as neck/ shoulder stiffness, 
fatigue and dull pain. There may be associated numbness and/or paraesthesia related to nerve 
irritation at a number of possible sites, cervical nerve root, brachial plexus, median or ulnar nerves.
2.20 Classification of WRMD’s for surveillance and screening
As previously mentioned categorisation of WRMD’s for surveillance purposes has been problematic. 
Difficulties with uniformity of diagnostic criteria and individual variation in examination protocols 
continue to limit assessment and identification of these conditions There are also commonly 
differences between strict diagnostic criteria and more general surveillance case definitions( Katz et al.
1991) Case definition is also problematic with Hagberg et al. (1995) recommending traditional 
orthopaedic and neurological evaluation. In this situation identification of abnormal functional 
impairment may be more useful than strict diagnostic criteria.
There is a gap between traditionally used questionnaire based symptom surveys, risk factor
identification and medically based clinical examinations focusing upon diagnostic categories.
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Traditional diagnosis of WRMD’s has been acknowledged as difficult due to the similarity in 
presentation, functional nature of these conditions and poor reliability and validity of traditional 
diagnostic approaches. There appears to be a need for a functionally based surveillance protocol that 
will quantify the individual's current biomechanical and psychosocial status and provide early detection 
of musculoskeletal stress.
2.21 Functional musculoskeletal screening
As a result of the inherent weaknesses of diagnostic testing particularly in mild to moderate 
musculoskeletal disorders, functional health screening as opposed to traditional biomedical diagnosis, 
has evolved and is particularly applicable to evaluating the musculoskeletal system (Solerno 2000, 
Yeomans & Liebenson 1997, Vernon & Mior 1991, Bolton & Humphries 2004). It allows multiple 
domains, physical, emotional and social, to be evaluated and has been shown to have good 
reproducibility, validity and utility. Traditional epidemiological evaluation of these conditions has 
revolved around the development of functional outcome measures. Salerno et al. (2002) have 
identified and ranked 12 instruments specifically related to the neck and upper limb alone with respect 
to validity, responsiveness and reproducibility. The standardised Nordic Musculoskeletal 
Questionnaire, the Upper Extremity Questionnaire, and the Neck and Upper Limb Instrument were 
judged the 3 best measures for work-related mild to moderate neck shoulder and upper limb 
assessment. After applying the inclusion criteria on 697 potential studies and a methodological quality 
appraisal, 34 studies were included. Four questionnaires: the Oswestry Disability Index, the Pain 
Disability Index, the Roland-Morris Disability Questionnaire, and the Upper Extremity Functional Scale 
were reported as having good validity and reliability. None of the functional tests had a high level of 
both reliability and validity. The authors concluded that a combination of questionnaire and functional 
testing is required to assess functional capacity in mild to moderate work-related conditions affecting 
the musculoskeletal system.
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2.22 Clinical examination of physical capacity
Individual factors affecting the development and identification of WRMD’s include sex differences, 
physical strength, muscle balance and work style (Feuerstein 2000). The current status of the 
locomotor system with respect to the degree of degenerative change and joint mechanics associated 
and influenced by muscle firing patterns, imbalance and trigger point activity are important but rarely 
investigated factors (Murphy 2000, Liebenson 2007). This is particularly true for computer users in the 
work environment.
Abnormal posture with associated muscle imbalance can lead to joint capsule irritation, pain and reflex 
muscle activation through mechanoreceptor activity and nociception. Resultant muscle pain and 
weakness can result in lowered physical capacity, strength, endurance and physical performance. 
Functional and daily activity tests have been advocated in the assessment of individual function 
particularly in the rehabilitation setting (Mayer et al. 1988). Examples of these tests include the PILE 
test; progressive isoinertial lifting evaluation and a variety of performance based assessments (Jull- 
Kristensen et al. 2006, Kvale et al. 2003, Simmonds et al. 1998). As with most functional capacity 
evaluations they are unsuitable for screening purposes as they require time, expertise to administer 
and specialised apparatus (Reneman & Soer 2005, Hart et al. 1993).
Objective tests often do not correlate well with subjective presentation. For example, MRI evaluation 
has a 25-40 % false positive rate for herniated disk (Jensen 1994).Overly sensitive tests such as 
nerve conduction studies, MRI and CT have high false positive rates due to the low prevalence of 
cases and as a result are unsuitable for screening (Homan et al. 1993). These populations are also 
not homogeneous. Attempts have been made to identify sub populations within mechanical disorders. 
Management is also confusing due to the limited evidence for the effectiveness and the many 
approaches to treatment of these conditions (Boocock et al. 2007).
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2.23 Functional capacity evaluation
Functional capacity evaluations have a long history in the management of work-related disorders 
particularly in returning injured workers to pre injury status through work hardening programmes 
(Innes 2006). These programs attempt to evaluate worker capacity through a variety of work 
simulation tests and tests of function. (Hart 1993, Simmonds & Lee 2007). Functional capacity tests 
assess whole body movements or functions as opposed to isolated functions such as range of motion. 
Limitations to this type of testing include the non-occupational testing environment and often contrived 
nature of the testing. Recent epidemiologic studies (Juul-Kristensen et al. 2006) have incorporated 
functional testing, such as the PILE test, in order to more thoroughly evaluate the upper quadrant. 
Following a rehabilitative model other approaches to the assessment of physical and functional 
capacity have been developed and utilised particularly within the chiropractic profession. Examination 
protocols based upon the work of Janda (1996) and Lewit (1994) and summarised by Yeomans & 
Liebenson (1996), Murphy (2000) and Liebenson (2007) have been developed. These protocois 
evaluate joint function, muscle balance and movement patterns, balance and posture and have been 
used for qualitative assessment of patients with musculoskeletal disorders in order to monitor progress 
and guide management strategies.
This approach incorporates the evaluation of posture and movement patterns that allow a global 
assessment of the locomotor system that helps identify chains of disturbance and localized 
dysfunction. As an integrated system the locomotor system functions as integrated chains of 
neuromuscular activity. These are exemplified as smooth, stable and efficient movement patterns. 
Alteration of these patterns can result in increased strain of the involved structures. So called 
behavioural changes in the locomotor system, both functional and/or neurological can result in 
alterations of nociceptive impulses arising from the system. These alterations in movement patterns 
and signs of locomotor dysfunction can be identified in subacute and chronic conditions (Janda 1996). 
identification of these dysfunctional chains can inform management strategies and rehabilitation.
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Dysfunction of the neck shoulder and upper limb include joint dysfunction, muscle dysfunction, limbic 
system dysfunction, myofascial trigger points, muscle tightness, hyperalgesic skin zone faulty 
movement patterns and instability (Murphy 2000). These dysfunctions can influence nociceptive input 
through sensitisation and inhibition. Peripheral and central sensitisation of receptors, facilitation of 
central pain pathways, dorsal horn changes and referred pain can all result in pain syndromes 
secondary to dysfunction of the neck shoulder and upper limb.
Joint dysfunction of the posterior facet joints in the cervicothoracic spine can be a primary source of 
pain generation (King et al 2007). This can result in local or distant arthrokinetic and neuromuscular 
changes (Liebenson 2007). Altered mechanoreceptor input can modulate motor control output and 
pain both locally and throughout the loco motor system. Work-related stressors can facilitate 
dysfunction and contribute to the development of dysfunctional pain syndromes.
2.24 Summary of clinical assessment of WRMD’s
The review of the literature revealed that current approaches to the clinical assessment of WRMD’s 
primarily incorporate traditional orthopaedic and neurological evaluation of the musculoskeletal system 
preceded by a relevant history of the presenting complaints. Medical authors note that the history can 
provide up to 80% of the information required for diagnosis of a condition (Piligian et al. 2000). History 
and manual clinical examination are the most important instruments in the diagnostic process.
Clinical assessment often requires trained medical assessment and appropriate clinical experience.
These approaches when applied to epidemiologic approaches to population evaluation, particularly of
working groups experiencing mild to moderated predominantly non-specific MSD’s, have not proved
entirely suitable. Recent studies ( Solerno et al. 2003) highlighted the limitations of this approach and
advocated a more functional assessment in combination with assessment of symptom status in order
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to fully evaluate individual functional status (Juil-Kristensen et al. 2005, Andersen et al. 2002, 
Pascarelli & Hsu 2001). This approach may more adequately inform functional management and self 
care strategies.
In spite of improvements in the sensitivity and utility of functional outcome instruments, physical 
functional assessment such as functional capacity examinations continue to play a role in patient 
evaluation (Yeomans & Liebenson 1997, Reneman et al. 2005, Simmonds & Lee 2007, Kvale & 
Lunggren 2003). However, for epidemiological use these examination protocols are often too 
specialised and require clinical expertise. In this setting identification of disorders without extensive 
specialised diagnostic testing is the goal.
Alterations in physical functional status can result from acute or chronic injury and relate to the onset, 
development and ongoing perpetuation of locomotor dysfunction and subsequent clinical pain 
syndromes (Novak 2002, Janda 1996, Lewit 1985, Liebenson 1995). Previous work has been done in 
assessing the utilisation of simple tests of physical function in a working non-clinical population 
(Toomingas 1995, Juil-Kristensen 2004). There appears to be no previous attempt to assess the 
clinical utility of these tests in the occupational environment.
2.25 Physical examination of computer users
Computer users are exposed to prolonged often low grade postural stress, repetitive movements and 
psychosocial stress which often manifests as chronic low grade symptoms and signs affecting the 
neck shoulder and upper limb. The clinical evaluation of this population has included a number of 
approaches. In the work environment and for use in epidemiologic studies clinical examination is 
usually modified in order to identify and classify as opposed to providing diagnostic end points. 
Retaining utility and ease of use as well as discriminative value is often a challenge.
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In evaluation of computer users and the evaluation of adverse effects several studies have included a 
physical examination (Ferraz et al. 1995, Salerno et al. 2000, Gerr et al. 2002). Szeto et al. (2002) in a 
field comparison of neck and shoulder postures in symptomatic and asymptomatic office workers 
found trends for increased head tilt and neck flexion postures with associated protracted acromions in 
symptomatic workers. Mani and Gerr (2000) suggest a physical examination is a key component of 
patient assessment in work-related conditions, particularly VDU users.
Hagberg (2005) in a review of the clinical assessment of work-related neck and upper limb disorders 
outlined the components of an ideal clinical assessment. It consists of a clinical and exposure history 
and evaluation of both physical and laboratory findings. The physical examination should include 
inspection, range of motion testing, muscle contraction pain and strength testing, muscle tendon and 
insertion tenderness and specific tests. Interestingly, palpation of joints was not included. The 
sensitivity and specificity of confirming and ruling out disease must be considered in each test The 
avoidance of labelling the patient with specific diseases and emphasis on a functional diagnosis was 
stressed. The nature of non-specific neck and upper limb pain and the importance of early 
rehabilitation were also emphasised. Piligian et al. (2000) suggests in evaluating WRMD’s the neck 
upper back and upper limb should be assessed bilaterally. Evaluation should include soft tissue, joints 
and body habitus. Work-reiatedness is subsequently assessed by assessing the relation of symptoms 
to work, change of symptoms away from work, workplace exposure to ergonomic risk factors prior 
trauma and avocationa! activities. Range of motion, tightness of muscles, pain threshold and 
sensitivity muscle strength and palpation of tender points are advocated by Larsson et ai (2007) for 
the evaluation of work related non specific neck-shoulder pain. Most testing protocols have included 
postural assessment, range of motion assessment, palpation for tenderness of muscles and joints, 
and basic neurological evaluation. Specific functional tests such as movement pattern assessment, 
joint palpation and balance testing have not been assessed fully.
The literature seems to question the utility of traditional methods of physical assessment yet continues
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to support physical examination of WRMD’s in order to assess individual capacity and provide 
information unobtainable by traditional outcome measures.
2.26 Physical examination tests and clinical findings in computer users
This section will outline the literature addressing physical examination findings in working populations. 
Table 9 summarises relevant studies which incorporate clinical evaluation of neck shoulder cases and 
provides an overview of the most commonly used tests for the neck shoulder region and common 
clinical findings in this area. The clinical tests selected in these studies are similar covering standard 
clinical practice in musculoskeletal assessment (Table 7). The common categories of clinical testing 
included palpation for tenderness, most commonly the trapezius area and rotator cuff (Andersen et al 
2002, Ranney et al. 1995). Postural assessment (Pascarelli &Hsu 2001, Toomingas 1995), cervical 
and shoulder range of motion (Gerr et al. 2002), -  active, passive and resisted. Special tests for 
specific conditions such as tendonitis, epicondylitis, carpal tunnel and impingement syndrome of the 
shoulder (Palmer et al. 2000, Roquelaure et al. 2006, Solerno et al. 2000). Neurological testing which 
varies from standard reflex and sensation testing (Jepsen &Thomsen 2006) to the abduction external 
rotation test for thoracic outlet syndrome (Toomingas 1995), and the upper limb tension test for 
brachial plexus irritation (Ranney et al. 1995, Wainner et al. 2003). Strength testing of the upper limb 
muscles (Jepsen 2004) and endurance of the neck and low back musculature (Ljunquist et al. 1999) 
are reported. Muscle balance was assessed by Pascarelli & Hsu (2001) Tests for hypermobility were 
used by both Pascarelli &Hsu (2001) and Toomingas (1995). No studies using tests for movement 
patterns, palpation for intersegmental joint mobility of the spine and balance testing in working 
populations were found. Physical function tests of the neck and upper limb were used in only one 
study (Jull-Kristensen et al. 2006). Jepsen (2004) has evaluated strength testing of the neck and 
upper limb. Neck flexor strength and endurance has also been evaluated.
Variations in testing content, clinical populations and criteria are common in these studies. For
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example The AER test is described as a 3 minute test but Toomingas (1998) has modified it to a 1 
minute test for epidemiological purposes. Viikari-Juntura (2000) developed a examination protocol for 
the neck and upper limb and assessed its predictive validity. The exam consisted of range of motion of 
the neck, grip strength, shoulder range of motion, sensation upper limb dermatomes and tendon 
reflexes. Pain provocation and referral secondary to range of motion were noted.
In epidemiological studies the testing protocols tend to be very prescriptive and provide a basic 
assessment of a specific area looking for specific criteria as in the Ohlsson et ai (1994) study. They 
are commonly designed to provide a clinical diagnostic classification with which to compare a simpler 
easy to administer questionnaire. The examination tests and protocols incorporate primarily 
standardised orthopaedic and neurologic testing relying on palpation for tenderness of muscles and 
limitations in ranges of motion. There were few studies which utilised functional testing with the 
exception of Juil-Kristensen et al. (2005). As the majority of signs and symptoms are of a non-specific 
nature general categories of conditions tension neck syndrome and findings of tenderness to palpation 
are reported. These findings while useful in identifying pain do little to assess functional status.
Table 8 reviews epidemiologic studies that address the clinical testing of the neck shoulder region in 
working populations and report on the physical findings in these groups. The selection criteria included 
studies that were ideally prospective or longitudinal in nature that addressed the relevant population 
and clinical area and incorporated a clinical examination component to the study. Most studies were 
cross sectional in nature but targeted a representative population of female computer users, consisted 
of a large sample size and/or were used for surveillance purposes. Gerr et al (2002) undertook the 
only prospective 3 year study of female computer users with clinical examination. The most commonly 
used tests for the neck shoulder region employed in these studies were identified (Table 7). The
56
Table 7 Commonly used tests In the evaluation of the neck/shoulder in working populations
Commonly 
used Tests
Gerr
et
a!2002
Jull-
Kristensen 
et al2006
Andersen 
et al2002
Hales
et
all 994
Pascarelli
&Hsu
2001
Brandt 
et al 
2004
Roquelaure 
et al 2006
Ohlsson 
et al 
1994
Toomingas
1995
Ranney 
et at 
1995
Palpation for 
tenderness of 
muscles
X X X X X X X X X
Joint palpation
Range of motion 
cervical/shoulder
X X X X X X X X X
Muscle
endurance
testing
X X
Strength testing X X X X
Neurological
testing
X X X
Nerve
irritability/TOS
testing
X X X
Provocative 
orthopaedic 
testing - neck
X X X
Shoulder tests X X X X X X
Movement 
pattern tests
Functional 
capacity tests
X X
Balance testing
prevalence of physical findings and working diagnoses are listed in table 8. The clinical tests used 
were largely similar with variations in the quantity and sophistication of the testing dependent upon the 
diagnostic criteria and aims of the studies. The examinations were generally standardised and 
included standard orthopaedic neurological assessment which included palpation for tenderness, 
range of motion testing and often included special tests such as Spurling’s test, upper limb tension test 
and the abduction external rotation test. Based upon these studies the most useful clinical 
examination tests were identified which allowed further modification of the examination protocol and 
study design.
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Table 8 Summary of epidemiologic studies of clinical examination findings of the neck 
shoulder in working populations
Author Participants Study Prevalence rates(%) of 
clinical findings
Comments
Jull-Kristensen et al 
2006
103 females Case control 
Questionnaire exam
Trapezius 38%
Tension neck syndrome 
17%
Cervicalgia 17%
Andersen et al 2002 3123 Cross sectional 
symptom clinical exam
Neck shoulder pain with 
pressure tenderness 7%
Strict criteria
Hales et al 1994 533 VDU users cross sectional 
symptom exam
22% neck shoulder 
cases
Tendon disorders 15% 
Nerve entrapment 4%
Hand wrist most 
common
Pascarelli and Hsu 
2001
485 (63% female) Clinical population Postural
misalignment78% 
Forward head position 
71%
Neurogenic TOS 70% 
Hyperlaxity 50% 
Shoulder impingement 
13%
Ranney et al 1995 146 female Repetitive strain 
occupations
Neck shoulder 31% Multiple problems, 
bilateral 33%
Brandt et al 2004 9480 Longitudinal study Neck shoulder right 
17% neck shoulder 
cases
Few true diagnoses
Roquelaure et al 
2006
2685 males and 
females
Epidemiologic
surveillance
13% at least 1 MSD 
Rotator cuff, carpal 
tunnel and lateral 
epicondylitis most 
common
50% non-specific 
msds
Palmer et al 2000 88 males females Structured clinical 
examination hospital 
referrals
Cervical spondylosis, 
Brachial neuralgia(14) 
Adhesive capsulitis(15) 
Carpal tunnel(15) 
rotator cuff 
tendonitis(12) 
lateral epicondylitis(11)
Chronic pathological 
group
Ohlsson et al 1994 165 females Working population 
Repetitive industrial
Tension neck syndrome 
(55)
Tendonitis (39) 
Epicondylitis (19)
TOS (3)
Walker-Bone et al 
2003
9,696 working age 
adults
Cross sectional survey 
and clinical 
exam( 1,960)
44.8% 1 or more soft 
tissue disorders 
Non-specific disorders 
upper limb females -  
35%
Specific disorders 
tend to cluster
Jepsen &Thomsen 
2006
96 computer 
operators
Cross sectional 
questionnaire and 
clinical exam
Upper limb weakness 
Allodynia
Neurologic 
assessment upper 
limb
Gerr et al 2002 632 computer 
operators
Prospective 
questionnaire and 
clinical exam
neck shoulder disorder 
somatic pain 
syndrome(111)
3 year follow up
Toomingas 1995 350 Clinical examination 
self vs clinician
Neck shoulder 
tenderness
Ranney et al. (1995) physically evaluated musculoskeletal findings in 146 female workers exposed to
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highly repetitive job stress. Multiple problem areas and bilaterality of findings (33%) was reported. 
Muscle tissue was noted as highly vulnerable to overuse with muscle pain and tenderness of the neck 
shoulder area (31%) and forearm hand (23%) the most commonly affected areas. Clinical assessment 
was performed by only one clinician and incorporated palpation for tenderness, neurological 
assessment of the brachial plexus and thoracic outlet. Orthopaedic testing of the neck and shoulder, 
eibow, hand and wrist was included. A number of sub clinical conditions were commonly found which 
did not fit the utilised diagnostic criteria. Fifty four percent of workers had signs of MSD’s in the neck 
and upper limb, and many had multiple diagnoses with bilateral involvement. Muscle pain and 
tenderness was found in 44% of workers overall. Scalenus anticus syndrome a variant of thoracic 
outlet syndrome was the second most common neurologicai condition following carpal tunnel 
syndrome. Limitations of this study include no reported reliability of the assessment and variable 
population.
Pascarelli & Hsu (2001) examined 485 workers with work-related pain. Examination included standard 
orthopaedic assessment which evaluated postural alignment, joint assessment, muscle pain and 
tenderness, imbalance and strength, and specific clinical testing for carpal tunnel, de Quervain’s 
tenosynovitis and shoulder tendonitis. Postural misalignment and thoracic outlet syndrome type 
symptoms were the most common findings. They observed that distal symptomatology is part of a 
larger diffuse neuromuscular illness with significant proximal upper body findings that affect distal 
function. The upper body examination again produced findings that could not be obtained through lab 
tests and surveys alone. This population was a secondary care group with chronic moderate to severe 
clinical conditions. They did not examine non reporting workers in the general population. No 
evaluation of the reliability and or validity of the testing were undertaken which weakens this study.
Toomingas et al. (1995) evaluated 350 participants comparing a self administered examination of the 
neck shoulders and upper limbs to a subsequent clinical examination. The items covered in the 
examination included evaluation of tenderness , restricted range of passive motion, pain on isometric
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contraction, nerve sensitivity, a modified Roo’s test (1 minute version), restricted finger flexion and 
shoulder asymmetry. High prevalence rates of positive findings were noted for shoulder asymmetry, 
tenderness to palpation of the neck, trapezius and supraspinatus muscles and the Roo’s test. 
Significant differences were found between the self assessment group and the clinician based 
assessment group.
Viikari-Juntura et al. (2000) developed a standardised examination protocol for the assessment of the 
neck and shoulder in primary health care and assessed it for the ability to predict future disability. 
Head rotations with pain and shoulder abduction with pain were the only signs to demonstrate 
predictive validity. The components of the examination were primarily neck shoulder range of motion 
based and assessed for pain production. Basic neurologic assessment was included.
Andersen e t al. (2002) utilised pressure tenderness in muscles as an outcome measure in evaluating 
the importance of work-related and psychosocial factors on quality of life. Reduced health related 
quality of life was associated with subjective pain and clinical signs from the neck and shoulder a 
measured by the SF36. Neck, shoulder tenderness to palpation was assessed and graded on a 0-3 
scale dichotomised into indisputable/severe palpation tenderness, or no or minor tenderness. The 
criteria were very strict which may account for the very low prevalence of neck shoulder pain with 
pressure tenderness of only 6.2%.
Jull-Kristensen et al. (2006) clinically evaluated 103 female computer users 45 years old and over. 
This case control study evaluated participants with 5 physical function tests, clinical exam and 
questionnaire. Trapezius myalgia (38%), tension neck syndrome (17%) and cervicalgia (17%), while 
non-specific syndromes, were the most common diagnoses. Sixty percent of participants had one or 
several of the clinical conditions. Maximal voluntary contraction of shoulder elevation, abduction and 
handgrip as well as endurance at 30% MVC shoulder elevation and a physical performance test(upper 
PILE test) were undertaken. Physical function was significantly lower in the case group for the
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shoulder. This was one of the only studies to evaluate function in addition to clinical assessment in a 
working population. The applicability of this approach for the possible early detection of WRMD’s was 
put forward.
Salerno et al. (2000) evaluated the reliability of physical examination of the upper extremity in working 
keyboard operators. Observed agreement was good for neck and upper extremity signs however 
reliability was poor when viewed in isolation from the history. The low prevalence of positive findings 
for traditional provocative tests and mild nature of the disorders in the general population was given as 
the probable reason for the poor reliability. This is a good example of a standard orthopaedic and 
neurologic examination approach for classic signs of carpal tunnel. It calls into question the nature of 
traditional evaluation of these disorders and should be re-considered.
Clinician based physical examination has a role in clinical settings and in studies of populations with a 
high prevalence of disorders. In environments with low prevalence and mild nature of conditions more 
questionnaire based approaches were recommended. Salerno et al. (2000) noted that the physical 
examination as performed was not effective as a screening procedure for use in this population, it 
found few clinical findings as compared to the self reported symptoms. This may be a reflection of the 
content of the examination which consisted of primarily peripheral nerve provocation testing for a 
condition with a low prevalence.
Questionnaires alone may underestimate problems in the neck shoulder and upper limb. The Ohlsson 
et al. (1994) study reviewed the usefulness of a screening questionnaire and clinical examination for 
neck/upper extremity complaints in 165 female participants employed in repetitive industrial or varied 
work tasks. They found a marked difference in reported symptoms, 57%, as compared to clinical 
findings, 85%, in this study. The authors noted that many more findings on examination (140 
participants) were noted than on questionnaire alone (94 participants). While the questionnaire 
provided a reasonable indication of the status of the neck/upper extremity in a working female
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population a clear view of the problem could only be obtained by a detailed clinical examination. The 
questionnaire in this study gave an underestimate of the clinical status of the neck shoulder area. 
The authors commented that a clear view of the size of a problem could only be obtained by a detailed 
clinical examination, particularly for the neck, elbows and hands.
2.27 Reliability of physical tests
Reliability of clinical assessment of the neck and shoulders has been evaluated in a number of studies 
(Strender e t al. 1997, Viikari-Juntura 1987, Pool et al. 2004, Piva et al. 2006 & Cleland e t al. 2006). 
Postural assessment, range of motion, thoracic spine rotation, manual muscle testing muscle length 
assessment, the chin tuck flexion test and spinal mobility testing have shown moderate to good inter 
rater reliability in neck pain patients (Cleland et al. 2006). Piva et al. (2006) found range of motion and 
its effect upon symptom provocation demonstrated moderate to good reliability. Interrater myofascial 
trigger point reliability has been evaluated and demonstrated moderate reliability (Gerwin et al 1997).
Passive intervertebral motion assessment has shown conflicting reliability. Smedmark (2000), Piva et 
al. (2006) and Fjeliner et al. (1999) found fair to moderate agreement in the cervical spine. Pool (2004) 
found poor inter examiner reproducibility of the physical evaluation of the cervical spine including joint 
mobility and reported tenderness by 2 physiotherapists. Fiumphreys etal. (2006) have found improved 
reliability particularly tenderness to palpation as reported by the subject in a recent study.
Movement pattern assessment has limited assessment of reliability. Reeve (2004 evaluated inter 
examiner agreement for movement patterns of the cervical spine which demonstrated limited 
agreement. Murphy et al. (2006) however demonstrated good agreement between examiners (k= .72- 
.76) in evaluating the reliability of the hip extension movement pattern in back pain patients.
The Southampton schedule was developed by Palmer (2002), Walker-Bone e t al. (2002) for diagnosis
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of upper limb disorders in the general population. The instrument consisting of standard orthopaedic 
tests demonstrated good reliability (kappa .66) but was again only utilised on individuals reporting 
recent neck or upper limb symptoms in a hospital based environment. It also incorporated only 
standard orthopaedic and neurological testing. The validity of the instrument was assessed by 
comparing nurse practitioners to a clinician’s independent assessment.
Viikari-Juntura (2000) developed a standardised examination protocol for the neck shoulder region 
which demonstrated reasonable interexaminer reliability (Viikari-Juntura 1987) but limited predictive 
validity. It combined history with clinical signs. These included range of motion muscle function, nerve 
root signs, and signs of rotator cuff tendonitis.
In summary the current status of the reliability of physical examination procedures targeting the neck 
and shoulder region is still limited but does show acceptable values for some tests in a variety of 
studies. Clinical assessment for signs can be variable and require clear criteria in order to be used in 
epidemiologic testing.
2.28 Validity of clinical examination methods
Validity measures encompass a number if issues related to the accuracy of a measurement tool/test 
(Fritz & Wainner 2002). In this study the focus will be on the discriminative validity of individual tests to 
identify cases of WRMD’s.
The validity of clinical examination methods have been assessed primarily through comparison with 
questionnaires (Ohlsson et al. 1995, Bjorksten e t al. 1999 and Devereux e t al. 2004), self assessment 
(Toomingas et al. 1995), joint block (King e t al. 2007) and comparison between practitioners (Palmer 
et al. 2000). Two studies have used reported neck pain as the reference standard for comparison to 
examination tests (DeHertough Ljundquist). Table 9 reviews the studies assessing the discriminative 
validity of various questionnaire approaches in comparison to clinical assessment/tests using
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sensitivity and specificity. These studies were designed to assess the validity of the questionnaires in 
reflecting the clinical status of the individual. They include history variables and a number of clinical 
tests which are then generally classified as a diagnostic category. Perreualt et al. (2007) and 
DeHertogh et al. (2007) have evaluated individual tests but used percent agreement and measures of 
association and/or correlation to pre determined diagnostic categories. The tendency is also to cluster 
tests in order to improve agreement. The majority of studies report reasonable values for sensitivity 
and specificity (60-80%). Devereux et al. (2004) in a validation study of the stress MSD questionnaire 
compared self reported symptom status to clinical findings. They reported much lower sensitivities 
overall (37-42%) with improved specificities. This was related to the low sample sizes, prevalence and 
use of 7 day symptom self-report. The sample was diverse with respect to gender and clinical 
presentation.
DeHertough et al (2007) and Ljundquist et al (1999) are the only studies which assessed the validity 
of individual tests to discriminate between self reported case and non-case criteria. These studies 
however assessed a clinical population attending physiotherapy clinics with neck and back pain. King 
et al (2007) assessed joint palpation in relation to diagnostic joint block. This approach again 
assessed a limited population with marked clinical signs and symptoms.
Ohlsson e t al. (1994) was one of the first studies to assess validity and compare questionnaire with 
clinical examination in 165 working women. They found good sensitivity for shoulders 92% and elbows 
79%. Neck shoulders combined were 77%.Other areas were not identified as sensitively. Specificity 
was reasonable ranging form 88-64 %. The use of specific diagnostic criteria which included a history 
appeared to improve specificity. The sensitivity appeared to drop however when compared to clinical 
findings alone. Shoulder findings retained adequate sensitivity but other physical findings 
demonstrated iower sensitivity values and higher specificity.
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Descatha et al. (2007) in a more recent evaluation of a Nordic style questionnaire, self reported 
symptoms over the past year and validity in comparison to clinical examination of the upper limb only 
in working populations. The sensitivity ranged from 82-100% with specificity of 51-84%. The sample 
was 76% female. The case criteria were very general with any symptom recalled in the past year 
classified as a case and any positive examination test. This sample was made up of 2 separate 
groups and demonstrated markedly differing PPV’s. Variations in prevalence and diagnostic criteria 
make generalisations difficult from this study.
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King et al. (2007) in their evaluation of validity of manual joint examination in assessing patients with 
chronic neck pain found similar levels of sensitivity (89%), specificity (47%) and likelihood ratios (1.7) 
in their sample of 173 patients with neck pain. They noted that a high pre test probability of 
symptomatic joints ensures a high sensitivity for an examiner accustomed to diagnosing these levels 
as positive. Under these conditions they note that specificity becomes more important. The lower 
specificities are reflected in the low values of positive likelihood ratios. The values in King’s (2007) 
study (specificities .39-.50) indicate that it is difficult to discriminate between the presence and 
absence of the condition. This study however is assessing the ability of palpation to identify 
symptomatic joints as determined by diagnostic joint block. This was a very specific criteria related to 
the specific diagnosis of an underlying condition. Similar prevalence values were noted in this study 
(77%). The sample was split between males (n=95) and females (n=78). The test was not being 
assessed as part of a screening protocol but as a diagnostic tool in and of itself. This would reflect 
upon the interpretation of the good sensitivity and poorer specificity validity values.
DeHertogh et al. (2007) evaluated the validity of a group of tests which included manual joint 
palpation, Spurling’s test and instrumental assessment of cervical range of motion. 18 neck pain 
patients and 22 controls were evaluated by outcome questionnaire and visual analogue pain scale. A 
number of manual examination tests were evaluated against a VAS and short form history using the 
Bournemouth neck questionnaire. The presence of a current neck complaint was set as the gold 
standard. Clustering of tests was shown to improve the diagnostic value of the tests. Manual rotation 
and the adapted Spurling’s test had sensitivities of 77.8 and specificities of 77.3. Manual examination 
procedures also demonstrated good sensitivity (72.2%). A high specificity was noted for manual 
palpation of the spine. Improved values were also found with pain provocation. The controls were not 
reporting neck pain but may have been experiencing functional impairments. A slightly lower cut off of 
75% for validity values were used. Additionally, the Bournemouth Questionnaire demonstrated 
excellent sensitivity and specificity in identifying cases.
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Interestingly, individual measured range of motion alone had poor sensitivity. Total range of motion 
however produced good sensitivity 88.9%. Reading et al. (2005) supports this finding of total 
restriction of neck movement being associated with a higher prevalence of neck pain and/or 
numbness and tingling in the hand or arm.
Bjorksten et al. (1999) again found good sensitivity (71-100%) and specificity (<66%) in assessing 
Nordic questionnaire answers in relation to diagnosed disorders of the cervicothoracic spine by clinical 
assessment. For the neck shoulder region both sensitivity (95%) and specificity (88%) for current pain 
were high. They also assessed a 3 month duration for self reported symptom status as opposed to 12 
month duration to minimise recall bias. These values were also good. Similar to this study a single 
examiner assessed 171 participants, females only. No PPV’s were reported however. Prevalence for 
the 3 month group was 68% for neck and 74% for shoulders. The significance of this study is the 
similar methodological approach to test validity assessment as used in this study.
Ljungquist et al. (1999) in evaluating a physiotherapy test package of 10 tests for assessing back and 
neck dysfunction found generally high sensitivity and moderate specificity for most variables in the 
ability to discriminate between back/neck pain sufferers(n=26) and healthy controls(n=15). Cases 
were chronic sick listed individuals. These differences were significant for the validity values between 
groups. This study evaluated a series of rigorous functional capacity tests which included muscular 
endurance for neck flexors and extensors, back extensors and abdominal muscles. Weighting of 
continuous variables allowed sensitivities of 80% to be achieved. Low specificity of the PILE test was 
noted. This study assessed a diagnostic category of non-specific mechanical back and neck pain, 
although much more severe with similar participant numbers.
Palmer et al. (2000) in their evaluation of the Southampton examination schedule obtained 
sensitivities of 58-100% and specificities of 84-100% for agreement of common diagnoses of the 
upper limb between nurses and clinical physicians. Diagnosis was made using a combination of
68
history and physical examination tests which would increase the ability of the schedule to discriminate. 
These diagnoses were related solely to the upper limb and did not address the cervical spine. For the 
more common conditions such as rotator cuff tendonitis, present in 58% of participants, the specificity 
was also lower than the sensitivity. Additionally their study used a clinical population with known 
pathological conditions as opposed to this study which evaluated low level MSD’s in a working 
population. This factor most likely contributed to the excellent specificity values.
Toomingas et al. (1995) evaluated the validity of a self administered examination as compared to a 
clinical examination, individual tests including tenderness, restricted range of passive motion, pain on 
isometric contraction, tests of nerve sensitivity, Roo’s test, tender points to palpation, restriction of 
finger flexion and shoulder asymmetry were assessed. Overall the sensitivities were low (<70%). 
Twenty-five percent reported symptoms during the last 7 days which is a low prevalence rate. The 
prevalences were weighted to compensate for exposure levels.
Sensitivities ranged from 0.0-1.00 and were highest for trapezius muscle tenderness (83%, 70%); 
finger flexion deficit (75%), median nerve sensitivity (100%) and Roo’s test (71%). Neck and shoulder 
range of motion were generally poor (20-50%) The specificities were moderate to good .63-.99 being 
lowest for Roo’s test (60%) and tenderness. The positive predictive values ranged form 0-.36 and 
negative between .92 and 1.0. The population of 350 was varied and the issue of self assessment 
influenced the validity values. Additionally a large percentage of cases had missing data (23%). This 
is also a close model to the proposed study with individual test validity assessed between self 
assessment and the reference standard of clinician assessment. No case definition or diagnoses were 
made.
A comparison of self report symptom questionnaire and physical examination by a health professional 
was assessed by Perreault et al (2008). A target population of neck shoulder disorders in VDU users 
(5 hours/week) was used. Examination was rudimentary with any of the following 3 criteria met for a
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positive test: diminution >30% normal range of motion, diminution of normal muscular strength and 
pain of moderate intensity or worse produced at the relevant site during any manoeuver. Sensitivity 
and specificity values were not calculated however. Kappa coefficients and measures of global 
agreement were assessed. The results were classified as fair to good agreement between the 
questionnaire and clinical examination findings.
In an attempt to assess clinical function by questionnaire Kaergaard et al (2000) compared a 
screening questionnaire which attempted to quantify loss of function and pain levels with an 
examination of impingement signs and tenderness to palpation. Good sensitivity values were found for 
rotator cuff tendonitis but poorer for myofascial pain syndromes. The specificities were good. Positive 
predictive values were low with excellent negative predictive values. This questionnaire was better at 
identifying non-cases. A high positive correlation was noted between total summed scores of 
complaints and tenderness of the neck-shoulder muscles. A high drop out rate of 35% was reported in 
the follow up prospective study. This study however reinforces the relationship between self report and 
ciinical findings and also identified that symptoms alone are not the optimal criteria for identification of 
incident new cases.
It is clear from the literature that clinical examination of working populations is used consistently to 
assess the validity of self report questionnaires. Clinical examination while more time and labour 
intensive is considered superior to self report aione (Ohlsson et al 1994, Perreault et al 2008). 
individual tests have been assessed in clinical populations but have been rarely assessed for validity 
in epidemiological studies. These studies demonstrate a relationship between self report and clinical 
findings. The relationship between clinical examination tests and case finding is unknown.
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2.29 Summary and Conclusion
Work-related musculoskeletal disorders of the upper quadrant are a common and expensive problem. 
Female computer operators are exposed to both physical and psychosocial risk factors that contribute 
to the onset of WRMD's affecting the upper quadrant. They report a high prevalence of work-related 
musculoskeletal disorders, particularly neck shoulder and arm problems. There are currently few 
successful approaches aimed at primarily preventing the onset of these conditions. Health surveillance 
is an important component in the overall management of these conditions, primarily to encourage 
early identification and implement appropriate secondary preventive interventions. Current approaches 
to the evaluation and categorisation of these conditions is limited. Early detection and identification of 
problems is widely acknowledged to assist in the prevention of chronicity and aids in the promotion of 
early return to work and normal function (Hagberg et al. 1995, Waddell, Burton & Kendali 2008).
The evidence suggests the causes of neck shoulder and upper limb disorders are multifactorial, a 
combination of individual, mechanical and psychosocial risk factors. The relative importance of 
individual risk factors is still unclear. The need for a physical examination component for 
epidemiological evaluation and health surveillance of these conditions in order to identify and classify 
specific and non-specific conditions is well demonstrated. A number of studies have utilised clinical 
examination in order to provide a gold standard for the assessment of questionnaire validity. Limited 
evaluation of the validity of physical examination screening tests to identify classified cases of 
WRMD’s has been undertaken.
“Increasingly it appears that disease in populations exists as a continuum of severity rather than an all 
or none phenomenon.” (Coggon e t al., 2003:6). A number of models and theories have been 
advocated for the development and perpetuation of WRMD’s, particularly in low force occupations 
such as computer use (Armstrong et al. 1993, Novak & Mackinnon 2002, Waddell 1998). These
Based upon the literature review the evidence supports the following conclusions:
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models outline the relationship between exposure, risk factors and the individual’s ability to adapt and 
cope with the dynamics of the work environment. Issues such as psychosocial stress (Huang et al. 
2002) can also influence the individual’s reaction to environmental stressors. These models of 
WRMD’s review the interaction between a variety of factors that ultimately influence the development 
of acute and chronic pain syndromes, reporting of problems, lost time and subsequent disability. 
Based upon this review of conceptual models the ecological model of Sauter & Swanson (1996) 
provides a relevant conceptual framework for this work. This model integrates clinical outcomes with a 
biopsychosocial approach to the development of WRMD’s in computer/VDU users, it acknowledges 
the interactions between individual factors, biomechanicai and psychological strain manifesting as 
‘detect sensation’ and a subsequent labelling/attribution phase which may be amenable to ciinical 
assessment for early signs of musculoskeletal change. The literature evaluating the validity and 
reliability of clinical examination methods for assessing early signs of MSD’s particularly non-specific 
MSD’s is incomplete.
Health surveillance and screening approaches often consist of symptom surveys which may or may 
not include physical evaluation. Examination approaches to the early detection of these disorders 
have limitations. These are related to cost, resources, variability of definition, individual response, 
reliability and validity of tests used, variation in examiner training and expertise and fluctuating nature 
of these conditions. Screening and surveillance strategies require sensitive measures that can identify 
potential and developing cases (Hagberg 2005, Walker-Bone et al. 2003).
While some individual tests have been assessed for the evaluation of validity in identifying cases of 
WRMD’s little has been done in the work environment. Primarily the validity of questionnaires have 
been assessed against the goid standard of a structured ciinical examination for diagnostic purposes. 
A number of authors’ have commented upon the inadequacy of questionnaire assessment alone in the 
evaluation of WRMD’s. There appears to be a roie for limited clinical evaluation of these disorders 
particularly in working populations. Which tests would be most useful in identifying early signs of
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WRMD’s affecting the neck shoulder and upper limb and discriminating between identified cases and 
non-cases is unknown. This project will seek to develop improved approaches using clinical 
assessment for signs for the early detection of these conditions.
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RESEARCH AIMS AND METHODS
SECTION 3
Section 3.0 Research Aims and Selection of Methods
This chapter will review the study design and outline the methodological approach taken in this study.
3.1 Aims and Objectives
The primary aim of this study is to assess a number of functional physical examination screening tests 
for validity in evaluating cases of mild to moderate work-related neck, shoulder and upper limb 
disorders in working female computer users 
Specific objectives include:
1. Review of currently used clinicai assessment methods and classification criteria,
2. Determine case status using self reported symptoms as identified by a modified Nordic 
questionnaire identifying self reported 12 month symptoms.
3. Clinically examine participants in order to determine the nature and prevalence of clinicai 
signs in this group of working female computer users and
4. Determine the discriminative validity of the clinical screening tests for their ability to identify 
predetermined cases vs. non-cases by calculation of sensitivity, specificity, positive and 
negative predictive values and likelihood ratios for individual screening tests.
3.2 Subject Selection
3.2.1 Target population
In this study the target population was working female computer users, in full time employment 
spending a minimum of 15 hours per week at the computer. This was a working population recruited 
regardless of symptoms and it was assumed that non-specific mild to moderate mechanical neck, 
shoulder and arm pain would be commonly associated with this particular cohort.
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3.2.2 Sampling strategy
The study took place in a city in southern England. Participants were recruited/drawn from a female 
working population spending at least 15- 20 hours per week at the computer. A convenience sample 
of volunteers between the ages of 18-70 with and without self reported complaints of work-related 
musculoskeletal disorders were recruited. Initial advertising for participants consisted of posters and 
email requests for participants, via a university, a chiropractic clinic and from a variety of other 
workplaces representing both public and private organizations.
3.2.3 Sample size calculation
In evaluating diagnostic or screening tests the emphasis is on estimation. Precise estimates of 
sensitivity, specificity, positive and negative predictive values are required. The required width or 
precision of the confidence intervals is used to determine the sample size when the focus is on 
estimation. The standard formulae for a binomial proportion will be used to calculate confidence 
intervals for sensitivity and specificity (Portney & Watkins 2000, Bland 1987).
The choice of the sample size was limited by practical and logistical considerations, it was anticipated 
that a total of 60 individuals would be recruited. Assuming equal numbers of cases and non-cases 
Table 10 shows the size of 95% confidence intervals for different percentages of sensitivity, specificity. 
Although the confidence intervals beiow in table x are quite wide this level of precision was judged as 
adequate for this doctoral level study.
Table 10 Exact 95% confidence intervals for differeht values of sensitivity and 
specificity with 30 cases and 30 non-cases
Percentage (sensitivity or specificity) Exact 95% confidence interval
25% 9.9% - 42.3%
50% 31.3%-68.7%
80% 61.4%-92.3%
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3.2.4 General Inclusion criteria
Ail participants underwent a brief screening interview to ascertain their suitability for the study with 
respect to the following genera! inclusion criteria.
Table 11 General inclusion criteria
Female computer users spending at least 15-20 hours/week at the keyboard/ VDU
Between the ages of 20-70________________________________________________
Were not currently under active care for any musculoskeletal condition_____________
Were not experiencing any serious health issue which would contraindicate their
participation in a physical assessment  _________________
Participants could be either symptomatic or asymptomatic_______________________
Participants were primarily experiencing non-specific mechanical musculoskeletal 
syndromes____________________________________________________________
3.2.5 Exclusion Criteria
Potential participants were initially assessed through a clinical triage process which included a 
relevant health history and short targeted physical examination performed by the primary researcher in 
order to rule out any contraindications to participation (Red flags) and determine their suitability for 
inclusion.
Individuals identified with recent trauma, potential serious pathology, systemic disorders and/or 
progressive neurological deficit were advised of their condition and referred to an appropriate health 
care provider and excluded from the current study. No potential participants were excluded for these 
reasons. Signed consent was obtained prior to involvement in the study.
Red flags (Murphy 2000) are those symptoms and signs that may indicate potentially serious or iife 
threatening conditions. These include:
• Major trauma
• Minor trauma in older or potentially osteoporotic patient 
® Age over 50 or under 20
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• History of cancer
• Constitutional symptoms
« Fever, chills, unexplained weight loss
• Recent bacterial infection, IV drug use, immune suppression
• Corticosteroids
® Pain that has no mechanical exacerbating or remitting factors
• Symptoms in both the upper and lower extremities
3.3 Study Protocol
Figure 7 outlines the study protocol. Participants were recruited by general advertising, email and 
announcement. Verbal consent was obtained for initial evaluation for suitability and assessment. 
Written consent was then obtained from those deemed as eligible. The questionnaire was completed 
in private by the participant. The participant was then scheduled for an examination. Screening was 
undertaken for contraindications to involvement. Participants were excluded if they did not meet the 
inclusion criteria and/or were found to have a contraindication to participation. Participants underwent 
a full clinical assessment of their musculoskeletal status with the examiner blinded to their current 
musculoskeletal status. Post assessment follow up of the participant’s status was undertaken.
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Fig. 7 Study Protocol
3.4 Data collection instruments
3.4.1 Questionnaire
The content and format of the questionnaire was designed to give a fuil picture of the integrated nature 
of the individuals’ status with respect to medical status, assessment of job exposures, musculoskeletal 
trouble, physical functional status and a biopsychosociai assessment. It was based primarily upon the 
Nordic questionnaire (Kuorinka et al. 1987). The Stress MSD study questionnaire (Devereux et al. 
2004) and upper extremity discomfort questionnaire (Franzblau et al. 1997) were also reviewed in 
order to inform the content of the questionnaire.
3.4.2 Content of the questionnaire
The questionnaire was developed to assess the following areas: personal information; (age/sex), 
general health status, red flag assessment, musculoskeletal symptom status (modified Nordic 
questionnaire), exposure and several functional outcome measures. The final questionnaire is in 
Appendix B.
3.4.3 Personal information
The purpose of this component was to collect basic demographic data such as name, address and 
age.
3.4.4 General health status
A general screen of health status and possible potential contraindications to evaluation were included. 
These included questions regarding previous medical diagnosis and previous conditions.
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3.4.5 Musculoskeletal symptom status
This portion was based primarily upon the Nordic questionnaire (Kuorinka et al. 1987) and evaluating 
the musculoskeletal symptoms; location, frequency, duration and severity.
The Nordic questionnaire is widely used in Europe and has been adapted by National Institute of 
Occupational Safety and Health in the US. It is considered relevant to mild to moderate conditions and 
has been tested on a number of working populations for reliability and validity (Baron et al 1996, 
Solerno 2002 Descatha e t al. (2007)). It also includes a specific neck and shoulder component 
assessing the severity of symptoms in terms of the effects on activities at work and during leisure time. 
It has demonstrated high repeatability (k=0.63-0.90) and sensitivities of .90 for neck pain and .83 for 
shoulder pain in the last year. Specificities however, were generally poorer 0.33-0.38 (Palmer 
1999(Palmer et al. 1994).).
3.4.6 Functional Outcome measures
A number of functional outcome measures are included in the questionnaire in order to provide valid 
and reliable measures of current functional status in relation to the neck, shoulder and upper limb. 
Two additional instruments were used in order to assess psychosocial status and depression. The 
General Health Questionnaire (Goldberg 1978) has been used extensively in occupational settings. 
The Yellow Flags Questionnaire is commonly used for mechanical disorders of the spine and 
, extremity assessing issues of psychosocial distress and illness behaviour (Linton 2000).
The criteria used to select these outcome measures are outlined in Table 12.
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Table 12 Functional Outcome measure selection criteria
VAS Neck
disability
Index
DASH UEFQ Yellow
flags
General
Health
questionnaire
Ease of use X X X x X X
Valid and reliable X X X X x
Sensitive to mild 
to moderate 
conditions
X x X X
Clinically
relevant
x X x X x x
Useful for work 
based situations
X X x X X
Safe X X x X X X
Cost effective X X X X X X
Condition specific questionnaires or disease specific questionnaires are available for many regional 
complaints secondary to the loss of functional capacity. Specific to the neck and upper extremity, the 
Neck Disability Index (Vernon & Mior 1991), Disabilities of the Neck Shoulder and Upper limb (Hudak 
e t al. 1996) and Upper Extremity Function questionnaires (Pransky 1997) were selected due to their 
ease of use, normative data base for scoring and clinical applicability to the study aims and objectives.
3.4.7 Pain
Pain level can be assessed by a number of scales. The visual analogue scale, numerical pain index, 
McGill/Melzack pain questionnaire are commonly used approaches in assessing pain and its impact 
(Murphy 2000). Pain diagrams are also a commonly used qualitative approach to identify involved 
areas and can imply chronicity and/or abnormal illness behaviour (Yeomans & Liebenson 1997).
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The quadruple visual analogue scale (QVAS) was selected as a valid and reliable measure of 
perceived pain over four time frames commonly used in the clinical assessment of musculoskeletal 
pain syndromes (Von Korf et al. 1999). This measure provides detail regarding pain now, typical or 
average pain, pain at its best and pain at its worst. Pain scores are usually measured on a 10 point 
scale. Scores are usually combined as an average when more than one dimension is measured 
Additionally a numerical pain index 0-10 was included in the questionnaire evaluating current level of 
pain and average pain over the previous 30 days. Only the participants completing the case related 
portion of the questionnaire would complete these items.
3.4.8 Neck Disability index (NDI)
This questionnaire asked the participant to report on 10 activities of daily living that might be affected 
by neck pain. It is a condition specific measure of the effects of neck pain on personal care, lifting, 
reading, headaches, concentration, work, driving, sleeping and recreation. It includes pain intensity 
and has shown good reliability and validity. The NDI has shown high internal consistency 
(Chronbach’s alpha .92) (Vernon 1991). It has been studied in work-related neck pain Vernon et al. 
(1995). Each area includes 6 items representing increasing levels of impairment, items are scored 0-5. 
Raw scores range from 0-50. 10% or 5 points out of 50 is considered a clinically significant change. 
See Table 13.
Table 13 NDI impairment scores
Raw score Relative level of Impairment
0-4 none
5-14 mild
15-24 moderate
25-34 severe
>35 complete
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3.4.9 Disabilities of the Arm Shoulder and Hand (DASH) questionnaire
The DASH Outcome measure is a 30 item self report questionnaire designed to measure physical 
function and symptoms in people with musculoskeletal disorders of the upper limb. It was jointly 
developed by the Institute for Work and Health and the American Academy of Orthopaedic Surgeons. 
It has shown good reliability and validity in a variety of populations. It contains two optional four item 
modules intended to measure symptoms of function in athletes, performing artists and other workers 
whose jobs require a high degree of physical performance. The DASH correlated highly (>.75) with 
other measures of function, disability and pain (Hudak et a/.1996). It has been used previously in the 
stress MSD study (Devereux et al. 2004) for the evaluation of WRMD’s of the neck shoulder and 
upper limb in the UK.
3.4.10 Upper Extremity Function Scale Questionnaire
The upper extremity function scale questionnaire is an 8 item tool that assesses the effect of 
symptoms on specific functions related to the use of the upper extremity. It is scored from 0, (no 
problem) to 10, (major problem or can’t do at all). It assesses sleeping, writing, opening jars, picking 
up small objects with fingers, driving a car more than 30 minutes, opening a door, carrying milk jug 
from the refrigerator and washing dishes, it has been developed and shown to have good reliability 
and validity when applied to work-related upper extremity disorders by Pransky et al. (1997). A 
prospective follow up study using 108 patients with work-related upper extremity disorders and 165 
with carpal tunnel syndrome demonstrated good internal consistency (Chronbach alpha> .83) and 
good validity when compared to symptom severity and clinical findings. More than 15% change in the 
UEFS is considered ciinicaily significant.
3.4.11 Yellow flags Questionnaire
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Yellow flags are subjective psychosocial risk factors associated with chronic pain or disability 
particularly in musculoskeletal disorders (Linton 2000). The yellow flags questionnaire assesses pain, 
distress, fear avoidance behaviour, poor self efficacy beliefs and negative coping strategies. High 
scores in these factors suggest abnormal illness behaviour or the risk of developing it. This can then 
contribute to chronicity, activity limitations and work loss. Scoring can be segmented into pain, 
psychosocial function and fear avoidance. Core outcome scoring of the 13 question version is mild> 
44-61, Moderate >62-77 and severe 78 plus. For definite risk 50% of the total score or 65/130 points is 
suggested as the cut-off point. Formal screening using this questionnaire has improved sensitivity and 
predictive value as compared to psychological screening by history alone (Linton 2000).
3.4.12 General Health Questionnaire
The general health questionnaire developed by Goldberg (1978) is simple, easy to administer and 
score, it is the most commonly used assessment of mental well-being and widely used in occupational 
research and working populations, it was developed as a screening tool and measure of common 
mental health problems, domains of depression, anxiety, somatic symptoms and social withdrawal. 
Scoring is form 0-3 for each item with a case threshold of 3 for the 12 item version used in this study. 
Scores vary by study population with 11-12 typical. Scores >15 show evidence of distress and scores 
> 20 suggest severe problems and psychological distress. A significant score implies a high likelihood 
that if such respondents presented in general practice they would receive further attention for 
psychosocial issues.
3.5 Data collection instrument part 2: Clinical Examination
3.5.1 Development of the screening examination protocol
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All clinical protocols were non-invasive and identified the following:
Tenderness of joints and muscles to palpation, pain on resisted movement, range of motion 
limitations, joint overpressure, abnormal movement patterns, abnormal muscle length and strength, 
endurance and orthopaedic stress testing. Nerve conduction was not assessed in the physical 
examination. The examination focused upon the upper quadrant: neck, upper back, shoulder and 
upper limb. The examination protocol was standardised and piloted for utility and ease of use.
The physical examination screening protocol was based upon commonly used examination tests 
suitable for mild to moderate MSD’s and use in the work environment (Hagberg 2005, Piligian et al. 
2000).
3.5.2 Physical Capacity tests
This protocol uses a simple and non technical approach to assess for changes in physical function. 
Specific screening tests were selected in order to address these common dysfunctional patterns.
The following is an overview of the testing domains utilised in this study. The entire examination 
protocol with descriptions of the individual tests used is included in Appendix D.
3.5.3 Observation/inspection
Observation of general postural patterns and body habitus, in both the standing and sitting position 
was incorporated looking for postural faults and signs of upper crossed syndrome. (McGee 1992, 
Petty & Moore 2001, Kendall et al. 1993). No plumbline was used. Reasonable kappa values have 
been demonstrated by Griegel-Morris et al. (1992) and Cleland et al. (2006) for visual evaluation of 
posture. Three or more postural faults were required for a positive classification.
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3.5.4 Movement Patterns
Specific movement patterns result from the normal balance of the musculature that moves joints. 
Abnormal movement patterns secondary to joint and muscle imbalance have been advocated as a 
clinical assessment tool that aids in identifying neuromusculoskeletal dysfunction and potential pain 
generating structures (Janda 1996, Liebenson 1996, Murphy 2000). These included neck flexion, 
shoulder abduction, T4 shoulder extension, prone push up, respiration sitting and supine, hip 
extension, hip abduction, squat test, 1 legged squat. Temporomandibular joint (TMJ) movement was 
also assessed. Limited evaluation of reliability of movement patterns has been undertaken for these 
tests with Reeve (2004) demonstrating generally poor levels of inter-observer reliability. This study 
used relatively inexperienced student examiners however. Murphy et al 2006) report good 
interexaminer reliability for hip extension. Three out of 5 possible deviations from normal movement 
patterns were required for a positive classification in this study.
3.5.5 Cervicothoracic Provocative/Stress testing
Provocative orthopaedic testing was incorporated as a method of identifying underlying dysfunction or 
joint irritation. Range of motion testing with overpressure at the end range was utilised as a method of 
challenging the articular and muscular structures (Petty & Moore 2001, Magee 2002, Juli et al. 1997). 
Ranges of motion of the cervical spine, shoulder, elbow, forearm and hand wrist and fingers were 
assessed, Kemps test for the cervical and lumbar spine was included. Apley’s scratch test for shoulder 
range of motion, shoulder impingement signs; empty can test for supraspinatus, Neer’s impingement 
sign and wrist extension for lateral epicondylitis were performed (Magee 2002). The reliability of 
physical examination of the neck has been evaluated by Viikari-Juntura (1987). Visual estimation of 
neck range of motion has shown only fair reliability (k=.6). Fjeilner et al. (1999) found acceptable 
kappa values for passive general motion of the cervical spine with improved values in symptomatic 
participants. Cieiand et al. (2006) found interclass correlation coefficients of ,66-.78 for cervical range
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of motion. Limitations of >30 % of normal range of motion and/or pain was required for a positive 
classification.
3.5.6 Muscle length and strength testing
Muscle length of the cervicothoracic musculature was assessed after Liebenson (2007) and Petty & 
Moore (2001). Muscle strength was assessed using a rating scale of 0-5 after Kendall et al. (1993). 
Endurance of the neck flexors, and scapular stabilisers were assessed. Viikari-Juntura (1987) reported 
fair to good reliability of evaluation of shoulder and arm muscles in neck patients (k=.4-.6). Muscle 
length assessment has been found to show good reliability in patients with mechanical neck pain 
(Cleland e t al. 2006). Weakness was graded on a 0-5 scale with 4 or less required for a positive 
classification. Length assessment required >25% asymmetry between sides or bilateral restriction with 
reported tightness or pulling. The muscles assessed are listed in Table 13.
3.5.7 Palpation for muscle and joint tenderness
Palpation of muscles for myofascial trigger points and joints for facet irritation, tenderness and 
dysfunction was undertaken. Tenderness to palpation has been shown to be a reliable approach to 
joint assessment (Humphreys et al. 2005, Bergman 1993, Toomingas 1998). In a recent study, King et 
al. (2007) evaluated the validity of cervical spine joint palpation compared to anaesthetic joint block 
and found limited validity for this procedure alone. Prone mobility testing of the cervical and upper 
dorsal spine has demonstrated kappa values of -.26-.74, and -.52-.90 for pain provocation (Cleland et 
al. 2006). Piva et al. (2006) also demonstrated moderate to good values for reliability of passive 
intervertebral motion testing with Smedmark et al. (2000) demonstrating fair to moderate reliability in 
identifying joint stiffness. De Hertogh et al. (2007) in an evaluation of validity of manual examination 
procedures found good sensitivities overall.
The muscles listed in Table 14 were assessed for tenderness/trigger points (Travell & Simmons 1983, 
Magee 2002) and muscle length (Murphy 2000, Petty & Moore 2001). Standardisation of palpation for 
tenderness of myofascial trigger points was quantified using the following grading scheme, Table 14 
(Wolfe et al. 1990). Using approximately 4 kg of pressure (enough to blanch the tip of the thumbnail if 
you pressed on a table) the following responses outlined in table were graded accordingly. Grading 
criteria for joint mobility is listed in Table 16.
Table 14 Muscles assessed in examination
Muscles Trigger points Length
Suboccipitals V X
Spienius capitus
Splenius cervicis
Semispinalis capitus
Sternocleidomastoid V X
Rhomboid V
Levator scapula V x
Upper trapezius/middle 
trapezius/lower trapeziums
J X
Supraspinatus /Infraspinatus/ 
Teres minor (internal rotation)
V X
Subscapularis (external rotation) V x
Wrist extensors 
Wrist flexors
V
Scalenes V x
Pectoralis major/minor T - x
Latissimus dorsi V x
Muscle Length was assessed bilaterally for marked limitation. Assessment included evaluation of the 
following muscle groups: suboccipitals, sternocleidomastoid, upper trapezius, levator scapulae, 
scalenes, pectoralis major, minor, iatissimus dorsi, internal and-external shoulder rotation. Marked 
asymmetry >25% and reported tightness and/or pulling was considered a positive finding.
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Table 15 Grading Criteria for tenderness to palpation
Grade 0 no tenderness
Grade 1 tenderness with no physical response
Grade 2 tenderness with grimace and or flinch
Grade 3 tenderness with withdrawal (positive jump 
sign)
Grade 4 severe tenderness with withdrawal to non- 
noxious stimuli i.e. superficial palpation, 
pinprick, gentle percussion
Scores of 2 and above were categorised as positive
(Wolfe et al. 1990)
Table 16 Joint Mobility Grading Criteria
Grade Mobility
0 ankyiosed
1 marked limitation
2 limitation
3 normal
4 hypermobile
5 marked
hypermobility
Scores of 0, 1,2 and 4, 5 were categorised as positive.
The posterior joints of the cervicothoracic spine, shoulder complex, elbow and wrist/ hand were 
assessed after Bergman et al. (1993). Joint springing and tenderness to palpation were assessed in 
the sitting and prone positions.
Four signs of generalized hypermobility syndrome were also assessed (Magee 2002, Liebenson 
2007). Two out of 4 signs of hypermobility were considered positive .See Table 17
Table 17 Hypermobility signs
Hypermobility signs_______________
1. Thumb to forearm___________
2. Hyperextension of elbows_____
3. Hyperextension of knees_____
4. Hand flat on floor knees straight
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3.5.8 Balance
Tests of balance were used to specifically evaluate the effect of cervical spine position upon 
proprioception and altered mechanical function (Murphy 2000). One leg standing with eyes open and 
closed, the Fukuda Unterberger test, and Hautant’s test for vertebral basilar insufficiency were 
assessed (Murphy 2000).
3.5.9 Nerve tension/irritability
Abnormal neural tension was assessed after Butier (1991). The slump test (Petty & Moore 2001) and 
upper limb tension test (Murphy 2000) were assessed. The upper limb tension test was identified by 
Winner et al. (2003) as the most useful test for ruling out cervical radiculopathy. Thoracic outlet testing 
was assessed using the abduction external rotation test 1 minute version (Roo’s test), it has 
demonstrated reasonable interexaminer reliability (Toomingas et al. 1995).
3.6 Lower Quadrant: low back and lower limb
A number of tests were incorporated in order to evaluate the status of the pelvis, lower back and lower 
limb as dysfunction in these areas may influence cervicothoracic functional integrity and relate to 
cervicothoracic and upper iimb ciinical syndromes (Magee 2002, Petty & Moore 2001, Murphy 2000). 
These tests are listed in Appendix D.
3.7 Scoring
The examination tests were scored on a continuum of 0: no abnormality detected, 1: dysfunction or 
abnormality detected and 2: dysfunction, abnormality detected and pain provocation (Devereux et al.
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2004). Tests were considered positive with a score of 1 or 2. Tests were grouped to evaluate the neck 
shoulder, elbow forearm and wrist hand and fingers. Bilateral findings were scored as one finding in 
each case.
All examinations were carried out by the principle investigator JPW a registered chiropractor. While no 
evaluation of reliability was undertaken the protocol was performed by only 1 experienced clinical 
examiner and therefore should have some internal consistency. The reliability of clinical signs in the 
upper extremity has been found to be good to excellent in previous studies (r=.66-1.00) (Palmer et al. 
2000)
in order to minimise misclassiflcation, criteria were weighted in order to identify true positive findings. 
Specific end points and criteria were outlined for each examination test. For example, Range of 
motion testing required marked limitation (<80% restriction) and/or pain provocation in order to be 
classified as positive. Classification criteria are outlined in Appendix D.
Classic diagnostic criteria were not searched for in this study. The general functional status of the 
individual and the number and degree of positive regional findings were assessed bilaterally.
3.8 Case definition
Participants were categorised as a neck /shoulder case or non-case. A neck/shoulder case was 
defined as a subject reporting trouble ache, pain or discomfort for more than 3 episodes or lasting 
longer than 1 week within the last 12 months in the neck, upper back and or shoulder (Franzblau 
1997, Devereux et al. 2004, Kuorinka et al. 1987). In addition to these criteria the subject had to spend 
a least 15 hours/week at the computer.
A neck/upper back/shouider non-case will be defined as reporting less than 3 episodes or lasting less
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than 1 week within the last 12 months.
Reliability of the case definition has been reported previously. Validity of the case definition in 
comparison to a detailed clinical examination by a musculoskeletal specialist has been substantiated 
in part in the recent HSE stress MSD study (Devereux et al. 2004) through comparison of 
questionnaire response with clinical examination and outcome measures. Sensitivity and specificity 
values are reported in Table 8.
3.9 Ethics
Ethical approval was sought from the European Institute of Health and Medical Sciences school ethics 
committee. As no treatment was being administered and the sample did not include NHS patients no 
additional ethics committee review and approval were required.
Ethical approval was obtained from the University of Surrey EIHMS ethics committee. (See Appendix 
H)
As this was a study involving the evaluation of participants functional status using some provocative 
testing a number of issues related to patient safety were addressed as a primary consideration. 
Screening for ‘red flags’ or conditions which would contraindicate participation was undertaken, (see 
exclusion criteria)
3.9.1 Informed consent
Written informed consent was obtained from each participant. (Appendix B)
3.9.2 Feedback
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No personally identifiable results were available to anyone other than the primary researcher. Each 
subject was sent a confidential summary of their personal physical examination findings, an 
interpretation of the results and any recommendations for medical follow up if appropriate. Participants 
were able to contact the primary researcher regarding any questions they may have had arising from 
the examination process. Clinical records were stored in compliance with the Data Protection Act 
(1998) in a password protected secure system within the University Chiropractic Clinic computer 
system
3.9.3 Follow up
Participants were advised that they may feel mild to moderated discomfort following the examination 
protocol and were contacted within 72 hours following the procedure to assess for any adverse 
effects. A short report of the key findings from the participant evaluations was to be forwarded to each 
participant. Any questions arising from the examination process were addressed.
3.10 Data analysis
3.10.1 Questionnaire evaluations and data entry
All questionnaires were assessed for completeness and eligibility prior to computer entry. Some 
participants were followed up to provide missing information. The data was entered into SPSS 12. 
Manual checking of data input was undertaken. Where the data was missing but required for a scoring 
protocol the mean value of the other scores for that item was calculated.
3.10.2 Analysis Strategy
A descriptive and frequency analysis of the data was initially undertaken using cross tabulations or 
calculations of means to explore the data. Characteristics of the sample were compared between
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cases and non-cases using the Mann-Whitney U test for continuous data and Fisher’s Exact test for 
categorical data. The Mann-Whitney test was used rather than t-tests as the assumptions of 
homogeneity of variance and normality were not satisfied. Fisher’s Exact test was used rather than the 
chi-squared test because of the small numbers in some of the table cells.
3.11 Discriminative validity of clinical examination tests for identifying WRMD’s
As summarised by Greenhalgh (1997) new tests should be validated by comparison to an established 
gold standard in an appropriate spectrum of participants. Screening is the detection of a particular 
disorder in an apparently healthy population (Bland 1987). A valid test identifies most people with a 
specific disorder, (high sensitivity), and excludes the majority of people without the condition, (high 
specificity).
The sensitivity and specificity of the screening protocol will be calculated for each body region 
according to Altman & Bland (1994). Sensitivity provides a measure of the ability of the screening 
examination to identify cases. The specificity provides a measure of the ability of the screening 
protocol to identify non-cases who are also diagnosed as non-case. Predictive value and likelihood 
ratios will also be calculated. See Table 17.
The utilisation of sensitivity and specificity of assessment methods allows the evaluation of the 
discriminative validity of these methods. As a component of workplace ergonomics and health 
monitoring programs the purpose is to identify individuals at high risk and facilitate more in depth 
individual and workplace evaluations. The sensitivity must be adequate in order to identify those 
individuals at greatest risk and so enable them to receive further evaluation. Specificity is also 
important for limiting the number of individuals’ erroneously requiring further assessment and 
conserving time and resources. Prevalence of the disorder influences predictive value as a fall in
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prevalence will cause the positive predictive value to fail and the negative predictive value to rise. A 
low prevalence implies the individual tested is unlikely to have the disease and therefore a negative 
test result is more likely to be correct (Loong 2003). In this case the positive predictive value will be 
low even if the specificity and sensitivity are high. In screening the general population there will be 
many false positives. As a result predictive values from one study do not apply universally. The 
likelihood ratio indicates the value of the test for increasing certainty about a positive diagnosis. A high 
likelihood ratio may show the test is useful but not necessarily that a positive test is a good indicator of 
the presence of disease. A likelihood ratio greater than 1 indicates that the test is associated with the 
presence of disease. Likelihood ratios of less than 1 indicate the result is associated with the absence 
of disease. The further likelihood ratios are from 1 the stronger the evidence for the presence or 
absence of disease. Likelihood ratios above 10 or below 0.1 indicate strong evidence for or against a 
diagnosis (Loong 2003).
Sensitivity and specificity do not clarify how a particular test predicts the risk of abnormality. They 
describe how abnormality or normality predicts particular test results. Predictive values while giving 
probabilities of abnormality for particular test results are limited by the relationship to the prevalence 
rate of disorders in the population. Likelihood ratios allow the calculation of abnormality probabilities 
while compensating for varying probabilities of disorders (Deeks & Altman 2004). See Table 18.
Table 17 General representation of a diagnostic test
Disease Status
Diagnostic
test
Positive Negative Total
Test
positive
a b a + b
Test
negative
c d c + d
Total a + c b + d n
Table 18 summarises the definitions and formulas for discriminative validity testing.
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Table 18 Test definitions and formulae
Feature of the 
test
Alternative name Question addressed Formula
Sensitivity True positive rate: 
positive in disease
How good is this test at picking up people 
who have the condition?
a/(a+c)
Specificity True negative: 
negative in health
How good is this test at correctly excluding 
people without the condition?
d/(b+d)
Positive
predictive value
Post-test
probability of a 
positive test
If a person tests positive, what is the 
probability that he or she has the condition
a/(a+b)
Negative 
predictive value
Post-test
probability of a 
negative test
If a person test negative, what is the 
probability that he or she does not have 
the condition?
d/(c+d)
Accuracy What proportion of all tests have given the 
correct result?(true positives and true 
negatives as proportion of all results)
(a+d)/(a+b+c+d)
Likelihood ratio 
of a positive test
How much more likely is a positive test to 
be found in a person with the condition 
than a person without it?
Sensitivity/
(1-specificity)
Likelihood ratio 
of a negative 
test
How much more likely is a negative test to 
be found in a person without the condition 
than in a person with it?
(1 -sensitivity)/ 
specificity
The analysis first focussed on discriminative validity of each individual clinical examination test. For 
the analysis, participants were categorised into cases and non-cases of chronic recurrent mechanical 
neck, upper back and shoulder pain by reported symptoms for each assessed body region. Sensitivity, 
specificity, positive (PPV) and negative predictive value (NPV) and positive and negative likelihood 
ratios (LR) were calculated using software from biophp.org/stats/sens/spec. Confidence intervals 
provide the likely range of values within which the true value for the target population lies. Confidence 
intervals for proportions were calculated using software from dimensionresearch.com. 
http://www.dimensionresearch.com/resources/calculators/conf prop.html. These were cross 
checked with values using SPSS 15.
3.12 Optimal validity values
What is "acceptable" for sensitivity or specificity depends upon the situation. As a rule, assessment 
methods for screening and early identification of a disorder rarely have perfect sensitivity and 
specificity. There is no general agreement about what the acceptable levels of sensitivity and
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specificity for an assessment test are. Acceptable levels vary depending upon the intent of the test, 
the setting of testing (for example, general population or a specific subgroup at risk for the condition), 
the prevalence of the condition in the group being tested, alternate methods of assessment, and costs 
and benefits of testing. Seventy-five percent has been advocated by some authors (Antonacci 2001). 
An 80% cut off for acceptable levels of sensitivity specificity and predictive values was used in this 
study. Altman and Bland (1994) advocate the combined score of sensitivity and specificity exceeds 
100% for an acceptable level of validity for epidemiological studies. Sensitivity and specificity values of 
80% have been classified as good with 50% classified as moderate by Ljunquist et al. (1999). For the 
purpose of this study sensitivity, specificity and/or positive predictive values of 80% or greater were 
used to identify valid tests.
3.13 Combined diagnostic instrument
Following an examination of each screening item separately a tool which used several of the items 
together will be devised. The first step involves selecting the most discriminating items based on the p 
value of the Fishers exact test, the LR and clinical considerations. This will be done by consensus with 
JPW, a statistician and ergonomist. An overall score was calculated for each participant based on how 
many of the selected items were present. The sensitivity and specificity, PPV and NPV’s with 
confidence intervals will be calculated for different cut-off scores. For example when the cut-off score 
was five this would mean diagnosing a case if 5 or more items were positive and non-case if 4 or 
fewer was positive. A receiver operator curve (ROC) which is the sensitivity plotted against 100- 
specificity, will be produced. Inspection of this will be used to select the optimal cut-off score for this 
study sample.
3.14 Pilot testing
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The process of questionnaire design included expert opinion and a small pilot study using a sample of 
4 individuals in a chiropractic clinic. Upon completion of this pilot study the following changes were 
made to both the questionnaire and clinical examination. The number of questions and number of 
tests was reduced and/or modified for ease of use and participant compliance. Specifically areas not 
directly related to the aims and objectives of the study were excluded
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RESULTS
SECTION 4
Section 4.0 Results
4.1 Socio-demographic and work related characteristics of workers surveyed
63 participants were enrolled in the study recruited via the university, via the chiropractic clinic and via 
the community centre. The population consisted of females with a mean age of 44 years ranging from 
20-69 years oid. Job classification was primarily general administrative office work but also included 
some academic and post graduate student participants. The cohort spent a minimum of 15 
hours/week at the computer in a predominantly general office environment. Table 19 summarises the 
demographic and work related data regarding the cohort. The cohort was employed at their jobs on 
average for approximately 10 years (n=63 mean 9.98 SD 9.87). The average time per week spent on 
the computer was between 20-30 hours/week with 71.5% spending 20 hours/week or more at the 
keyboard. 10% of the population were spending greater than 40 hours week at the computer. The 
cohort spent an additional 5 hours/week on average in personal non work-related computer use.
Participants were asked general questions regarding their perception of the effect of work upon their 
health and how concerned they felt the employer was regarding their general health and well being. 
Seventy-two percent of participants reported they felt that work adversely affected their general health 
and well being. Fifty four percent of the respondents felt that the employer was concerned about their 
general health and well being. Participants were asked how stressful they found their job on a 5 point 
scale of not at all stressful, mildly stressful, moderately stressful, very stress full and extremely 
stressful. Fifty-seven percent of the cohort reported finding their job moderately to severely stressful. 
Participants were asked about their exercise habits and if they undertook any stress management 
techniques. Forty-two percent of participants undertook specific exercise for their musculoskeletal 
system and 56% participated in some form of stress management approach.
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Table 19 contrasts the mean duration of computer work and the reported hours per week spent at the 
computer. The non-case cohort reported a longer duration of computer related work but marginally 
less hours/week spent using the computer. The reported duration of computer work in years was a 
mean of 9.55 (SD 8.9). Seventy-five point five percent of cases reported spending in excess of 20 
hours/week at the computer. 24.5% spent 10-20 hours /week, 12.2% reported spending in excess of 
40 hours/week at the computer.
Work was reported as adversely affecting the health of the participant in 78.7% of cases. The 
employer was perceived as concerned about the participant’s general health and well being in 48.9% 
of cases. Specific exercise was undertaken by 45.8% and stress management techniques used by
55.1 % of cases. Participants were asked to rate the stress level associated with their job. Seventy- 
two point three percent (31) of cases found their job moderately to extremely stressful. An additional 
26.5% (13) found it mildly stressful. Only 10.2% (5) of cases reported their job as non-stressful. Again 
this data is summarised in Table 19.
4.2 Case Prevalence
Prevalence rates were calculated by dividing self reported conditions by the number of study 
participants in relation to the previous 12 months and last 7 days. Neck shoulder problems had the 
highest prevalence. See Table 19 for a summary of prevalence rates of self reported MSD’s.
63 participants were assessed by questionnaire and underwent the physical examination protocol. 49 
participants (77.8%) met the criteria for case classification i.e. self-reporting moderate neck shoulder 
pain and or discomfort greater than 3 times in the last year, or lasting greater than 1 week in duration. 
(Franzblau et al. 1997) 14 participants (22.2%) were classified as non-cases. The prevalence rates 
for reported MSD’s were high with 77.8% reporting neck shoulder trouble, 23% reporting elbow
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forearm trouble and 32% reporting hand wrist and finger trouble during the previous 12 months. 
Participants reporting trouble during the previous 7 days were 63%, 19% and 18% of participants 
respectively for the 3 areas. See Table 20.
Cases only were required to complete details regarding their symptom location, onset, frequency and 
duration (Table 20). In general, the right side was affected more commonly with the right neck, 
shoulder and forearm most commonly reported. Of the neck shoulder cases the most commonly 
affected area was the neck 81%, followed by the upper back 67% and right shoulder 52%. The right 
forearm was reported in 18% of cases. The fingers were reported in 22% and 24% of cases. The least 
affected areas were the left elbow 6% and hands. The participants commonly indicated multiple areas 
of involvement (Table 21).
Table 21 Location of symptoms in case group
Area % of cases
Neck 81%
Upper back 67%
Right shoulder 52%
Left shoulder 46%
Right upper arm 27%
Left upper arm 21%
Right elbow 12%
Left elbow 6%
Right forearm 18%
Left forearm 10%
Right wrist 18%
Left wrist 14%
Right hand 4%
Left hand 6%
Right fingers 22%
Left fingers 24%
Eighty-two percent (40) of neck shoulder cases reported experiencing neck shoulder upper arm 
problems within the last 7 days. 31.3% (15) of cases reported their neck shoulder problem interfering
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with their usual standard of work over the last 7 days. Seventy-three percent of cases felt that their 
problems were associated with a particular work station or work activity i.e. a work-related condition. 
Indications of frequency, duration and severity of complaints were assessed. Reported onsets of 
separate episodes, duration of episodes, severity ‘right now’ and severity over the last month were 
assessed. 90% of cases experienced separate episodes monthly or less. These included constantly 
22%, daily 28%, weekly 17% or monthly22%. The duration of reported separate episodes ranged 
predominantly from daily to weekly (67.4%). The average duration of reported episodes was 12.5 
days.
Severity of symptoms ranged from 0-8 with a mean of 2.8 for reported discomfort at the time of 
assessment and 2-9 with a mean of 5.6 for the worst discomfort experienced during the last 30 days 
on a scale of 0-10. Seventy-five percent of cases rated their current pain at 5 or less, 25% 5 or 
greater. For worst pain over the last 30 days 62.6% of cases had pain rated at 5 or greater. Mean 
values of reported discomfort were calculated with discomfort right now 2.83 SD 2.51 and worst 
discomfort last 30 days mean of 5.58 SD 2.04.
Twenty-three percent of cases reported their condition being initially caused by an event such as an 
accident or injury. The conditions were of a chronic recurrent nature and any participants experiencing 
recent trauma or actively under care for musculoskeletal trouble were excluded from the study. Work- 
related activity was the most commonly reported aggravating factor in 54% of cases. Sport 13%, home 
11% and other activities (22%) were also reported as aggravating their condition. The degree of work­
relatedness of the reported symptomatic picture would require additional exploration of risk factors and 
activities. The musculoskeletal system is influenced by a combination of work and leisure activities.
Twenty-two percent of cases reported being absent from work as a result of their neck shoulder and 
upper back trouble with 49% reporting they had to reduce their activity levels as a result of their 
condition. Interestingly only 22% of cases reported reducing their work-related activities as a result of
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their condition. Eighty-five percent of cases reported receiving some form of treatment for their 
reported condition. These included self care and professional treatment options such as medical, 
physiotherapeutic, chiropractic and medication. The cases were not under active care by a health 
professional at the time of their assessment.
4.3 Non-case results
The non-cases were comprised of 14 participants who reported no chronic or recurrent troubles in the 
neck shoulder and upper limb over the previous 12 month period. The group had a mean reported 
duration of 11.5 (SD 12.94) years of computer work. 50% of the cohort spent at least 30-40 
hours/week at the computer, with 43% spending 10-20 hours/week. 50% of the group reported work 
adversely affecting their health in some way. 71% reported perceiving the employer as concerned 
about their health and well being.
Twenty-nine percent of non-cases undertook some specific exercise in order to maintain their 
functional condition and 57% undertook specific stress management techniques in order to relieve 
stress. 86% of non-cases reported finding their job mildly to moderately stressful.
Table 19 summarises the differences between the case and non-case groups. There was no 
significant difference in mean ages, duration of computer work in years and hours spent/week. The 
perception of work affecting their health and perceived work stress was significantly lower in the non­
case group.
4.4 Upper extremity disorders
105
Fourteen cases reported elbow and forearm (ef) trouble and 20 reported problems with the hand wrist 
or fingers (hwf). Fourteen cases had both neck shoulder complaints and elbow forearm complaints. 
This comprised 30% of the neck shoulder and upper limb cases.
Eighteen cases had both neck shoulder and hwf complaints. This was 38% of neck shoulder upper 
limb cases. 2 hand wrist finger cases did not report concomitant neck shoulder problems and were 
classified as non-cases.
Twelve cases had both elbow forearm and wrist hand and finger complaints over the past 12 months. 
There was large degree of overlap in the cases presenting with neck shoulder complaints and the 
elbow/forearm and wrist and finger cases.
The right forearm was the most commonly reported area, 14% (9 cases) of the elbow forearm cases.
As the primary focus of investigation related to early signs and non-specific disorders of the neck 
shoulder and upper arm and the associated overlap of those cases complaining of elbow forearm and 
hand wrist finger conditions these classifications were included within the neck shoulder upper limb 
case mix for analysis purposes.
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Table 19 Sociodemographic and work-related characteristics of sample overall and cases and 
non-cases separately
Characteristic Total sample Case Non-case p values*
Sex female 63 49 14
Age
20-29 11 9 2
30-39 12 8 4
40-49 8 6 2
50-59 13 9 3
60-69 8 6 2
Total 51 38 13
Age mean years 44 44.26 (SD13.85) 44.0 (SD13.52) .953
Years of computer 
use mean
mean 9.98 (SD 
9.87)
9.55 (SD 8.93) 11.5 (SD 
12.94)
.519
Hours per week 
computer use
Total/% Total/% Total/%
10-19 (18) 28.6 (12) 24.5 (6)42.9
20-29 (15)23.8 (14 )28.6 (1)7.1
30-39 (24)38.1 (17) 34.7 (7)50.0
40+ (6) 9.5 (6 )12.2 .188
Hours>20 week 75.5% 57.1% .197
Reported Job 
Stress
Not at ail (7) 11.1 (5) 10.2 (2) 14.3
Mild (20)31.7 (13) 26.5 (7) 50.0
Moderate (24 )38.1 (19)38.8 (5) 35.7 .123
Very (10)15.9 (10)20.4
extreme (2 )3.2 (2 )4.1
moderate to 
extreme job stress 
total
63% 36% .124
'
Work adversely 
affects health
79% 50% .047*
* From Mann Whitney U Test for continuous data and Fisher’s Exact Test for categorical data
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The study participants were asked a number of screening questions regarding their general health and 
well-being. They were asked if they had been told by a health professional whether they had any of 
the following problems as summarised in Table 22.
4.5 General health of the cohort
Table 22 Self-reported medical conditions
Conditions Case
n=49
Non­
case
n=14
Diabetes 3 0
Rheumatoid arthritis 1 1
Thyroid over/under active 3 0
Renal conditions 0 0
Gout 0 0
Fibromyalgia 0 0
Degenerative arthritis 6 0
Other systemic illness 4 0
Cervical radiculopathy 3 1
Carpal tunnel 3 0
Ulnar neuropathy 1 0
Tendonitis elbow forearm hand 5 1
Tendonitis shoulders upper arm 3 0
Fracture elbow forearm hand 7 1
Fracture shoulders upper arm 1 0
Thoracic outlet syndrome 1 0
Rotator cuff injury 2 0
Ganglion 4 1
Muscle strain elbow forearm hand 5 0
Muscle strain shoulder upper arm 6 1
other 2 1
Medication use 30 6
Surgery neck shoulder upper limb 2 2
pregnant 1 1
Low back pain recurrent 34 3
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The cases exhibited more previously diagnosed health conditions than the non-cases. The most 
common reported health conditions were muscle strains to the upper limbs (11) 22.4%, fracture of the 
forearm (7) 14.3%, tendonitis of the upper iimb (8) 16.3% and degenerative arthritis (6) 2.2%. Only 3 
cases (6.1%) reported specific conditions such as carpal tunnel or cervical radiculopathy. Recurrent 
low back pain was reported in (34) 69.4% of cases.
Non cases reported less diagnosed health conditions. The most reported categories were medication 
use (6) 42.9% and recurrent low back pain (3) 21.4%.
4.5.1 Medication use
Fifty-seven percent of the total cohort reported taking medication at the time of the examination. This 
included taking non-prescription medication. The type, frequency and specifics of their medication 
history were not recorded.
4.5.2 Recurrent low back pain
interestingly 69.7% of the participants reported experiencing recurrent low back pain in addition to 
their reported neck shoulder and upper limb conditions.
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Table 20 Prevalence, frequency and severity of self reported symptoms among cases
Characteristic Neck shoulder 
arm (n) %
Elbow
forearm (n) %
Hand wrist 
fingers (n) %
12 month prevalence (49)78 (14) 23 (20)31.7
7 day prevalence (40)63 (12)19 (11) 18
Associated with a particular work station 
or work activity
(35) 72.9 (8) 12.7 (11) 17.5
Frequency of episodes
Constant to weekly (31 )67.4 110)15.9 (14)22.2
Monthly + (15)32.6 (3) 4.8 (5)7.9
Duration
< weekly (31)70.4 (10)15.9 (10) 15.8
Monthly + (13)29.6 (2) 3.2 (8)12.7
Severity
Current (now) mean (48)2.83 SD2.51 1.8 SD2.61 1.88 SD 2.65
Last 30 days mean (48) 5.58 SD2.04 3.0 SD 3.43 3.59 SD3.55
Previous Trauma yes/no (11)23.4 (2) 3.2 (8) 12.7
Aggravating Factors
Work (25) 54.3 (6)9.5 (5)7.9
Sport (6)13 (1) 1.6 (2)3.2
Home (5) 10.9 (3)4.8 (3)4.8
Absence from work (11)22.4 (1)1.6 (2)3.2
Treatment (54) 85 (11) 17.5 (19)31.1
Decreased activity (24) 38.7 (7)11.1 (10)15.9
Decreased work activity (13) 20.9 (4)6.3 (5) 7.9
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4.8 Functional Outcome measures
A number of functional questionnaires evaluating pain levels, activities of daily living and impact of the 
participant’s chief complaints, and psychosociai issues were included within the general questionnaire. 
These individual questionnaires are valid and reliable indicators of the impact of MSD’s upon activities 
of daily living and functional ability. These were used primariiy as an indicator and objective measure 
of current functional status in comparison to reported symptoms and physical examination findings 
providing a level of concurrent validity.
All participants completed the functional questionnaires. Table 23 summarises the results. The 
following functional outcome measures were completed: Neck disability index (mean 17.2 SD 6.29), 
DASH (mean 10.4 SD 12.29), yellow flags questionnaire (mean 43 SD16.8) and GHQ (mean 13 SD 
3.76).
Mean case vs. non case outcome scores were as follows. For the neck disability index the case 
scores were case 18.8, non-case 11.7, DASH case 12.8, non-case 2.9, upper extremity function scale 
case 9.2, non-case 2.4, yellow flags case 47.4, non-case 28 and general health questionnaire case 
13, non-case 12.8. There are significant differences between the mean case scores and non-case 
scores.
I l l
Table 23 Functional outcome measure scores
Instrument Total cohort 
n=63
Mean(SD)
Neck upper back 
shoulder case 
n=49
Mean(SD)
Neck upper back 
shoulder non­
case n=14 
Mean(SD)
P values 
Mann-Whitney U
Neck disability 
index
17.18 (6.29) 18.8 (6.13) 11.7 (2.84) .001
Disabilities of the 
shoulder arm 
hand
10.41 (12.29) 12.8 (12.8) 2.9 (5.3) .002
Upper extremity 
function scale
7.73 (0.47) 9.24 (11.08) 2.4 (5.5) .003
Yellow flags 
questionnaire
43.2 (16.8) 47.4 (15.6) 28 (11.37) .001
General health 
questionnaire
13.9 (3.7) 14 (4.03) 13.7 (2.7) .735
4.7 Case vs. non-case QVAS pain scale measures
All participants were asked to rate any musculoskeletal pain they may experience in the neck shoulder 
and upper limb areas. Table 24 summarises the scores of the 2 groups.
Table 24 QVAS pain scale scores
QVAS pain scale Case
mean (SD)
Non-case 
Mean (SD)
P value 
Mann- 
Whitney U
Pain now 2.7 (2.4) .77 (1.3) .005
Average or typical pain 3.6 (2.1) 2.3 (3.2) .035
Pain at its best 1.2 (1.5) .15 (.37) .001
Pain at its worst 6.7 (2.0) 5.1 (3.6) .183
The case group had marginally more pain at the time of examination and average or typical pain level. 
Pain at its best and at its worst was also greater in the case group.
4.8 Physical examination findings
All 63 participants were examined by the principle investigator JPW a registered chiropractor. 
Participants were screened for contraindications to participation and then underwent a structured 
examination protocol. JPW was blinded to their presenting complaints and musculoskeletal status.
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Positive findings were categorised as:
0 - no abnormality detected,
1 - dysfunction, abnormal but not pain producing and
2 - abnormal and pain provoking.
The examination consisted of 60 tests (Appendix D) which evaluated the common elements of a 
conventional medical examination including observation, postural assessment, palpation for 
tenderness of muscles and joints, resisted muscie testing, sensitivity testing for nerve irritation and 
entrapment, signs of hypermobility, tests for balance and orthopaedic stress testing such as spinal 
compression. Additionally, tests for abnormal movement patterns and specific joint palpation were also 
included. The prevalence of positive test findings in the participants is summarised in Tables 26-33 for 
both the case and non-case groups. A positive test was classified as any test scored as a 1 or 2. The 
test results are organised by domain. The following list summarises the test domains.
Test Domains:
« Movement patterns 
® Cervicothoracic spine specific tests 
® Shoulder specific tests
• Elbow forearm specific tests 
® Wrist hand and finger tests
® Nerve tension and irritability tests 
® Palpation muscle 
® Palpation joints
• Balance tests
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Table 25 Prevalence of positive tests in percentage of cases and non-cases
Examination tests Case % Non-case%
Posture 94 100
Movement patterns
T4 mobility 94 86
Mouth opening 86 72
Shoulder abduction 84 79
Sit to stand 82 57
Push up 78 64
Sitting respiration 76 86
Neck flexion 73 64
Supine respiration 63 71
Cervicothoracic stress tests
Cervicothoracic extension end 90 79
Cervical ROM 90 93
Lower trapezius strength 86 71
Cervical stability 84 64
Seated posture 76 71
Prone scapular abduction 69 43
Cervical quadrant test 57 50
Cervica! syndrome 57 64
Push up 78 64
Shoulder
Shoulder ROM 92 71
Shoulder abduction 84 79
Apley’s 76 50
Empty can 55 71
Neer's 51 36
Elbow/forearm/wristhandfinger
Wrist hand ROM 47 20
Wrist extension 20 7
Elbow forearm ROM 29 14
Balance
1 leg balance eyes closed 96 86
FukudaUnterberger 78 93
1 leg balance eyes open 35 29
Nerve Irritability
Slump test 80 36
Upper Limb Tension Test 92 64
Silverstolpe's test 67 64
Abduction external 
rotation
57 14
Muscle palpation trigger points
Cervicothoracic 96 93
Shoulder 65 64
Forearm 51 29
Joint palpation prone
Dorsal T1-8 86 86
Lower cervical C4-7 92 100
Upper cervical CO-1-2-3 59 36
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4.8.1 Physical examination findings: frequency and prevalence in percentage
A large number of tests demonstrated a high prevalence in both cases and non-cases in this 
population. The prevalence of positive findings and their crude prevalence rates are summarised in 
Table 25. Those tests with a prevalence of 80% or more are identified. There are a number of test 
findings common to both groups; cases and non-cases. Certain tests are more commonly found in the 
case group only. These are summarised by category.
4.8.2 Observation
Postural distortion was noted in 94% of cases and 100% of non-cases. These included anterior head 
carriage, anterior shoulders, unlevel shoulders, iliac crests and upper crossed syndromes. Postural 
distortion in the sitting position was noted in 76% of cases and 74% of non-cases. A positive postural 
observation classification required at least 3 observable postural distortions to be classified as 
positive. Observed leg length inequality in the prone position was noted in 90% of cases and all of the 
non-cases.
4.8.3 Palpation
Tenderness to palpation of muscles and joints graded as 2 or greater on a 0-4 scale by the participant 
was classified as a positive test. Trigger points and tenderness to palpation in the cervicothoracic area 
which included the trapezius, suboccipital and posterior cervical muscles were most commonly 
identified, in 96% of cases, 93% of non-cases. The shoulder and forearm were less commonly 
identified. Tenderness to palpation of the posterior joints was most commonly noted in the lower 
cervical (92%/100%) and upper dorsal (94%/93%) areas in both the sitting and prone positions in the 
majority of participants. Tenderness to palpation was noted in the upper limb joints (88/86%) i.e.
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Shoulder complex, elbow and hand wrist in the majority of participants. This denoted at least one joint 
tender to palpation within the anatomic area.
4.8.4 Range of Motion
Range of motion assessment of the cervicothoracic area and upper limb was undertaken. Additionally 
at the end range of passive movement the spine or extremity was challenged in order to stress the 
articular structures and holding elements. A positive test was restriction to at least 30% of the normal 
range and/or pain produced during the procedure. Restriction of cervical and shoulder range of motion 
was noted in the majority of cases (90%), 71% in non cases. The elbow and hand wrist were less 
commonly found. While not the primary focus of this study lumbar range of motion was restricted in 
90% and 93% of cases and non-cases respectively.
Shoulder range of motion restriction was most noted in cases (92%), and in 71% of non cases (71%). 
Both elbow forearm 29%/14% and hand wrist finger 47%/20% range of motion abnormalities were less 
prevalent.
A high prevalence was noted for Apiey’s scratch test, 76% in cases as compared to non cases, 50%. 
Other orthopaedic tests for the shoulder i.e. empty can test 55%/71% and Neer’s impingement sign 
51%/36% were less prevalent for cases and non-cases respectively.
4.8.5 Movement Patterns
T4 extension (94%/86%) assessing shoulder extension and upper dorsal function and shoulder 
abduction (84%/79) were commonly identified in cases and non cases respectively. Signs of 
temporomandibular joint dysfunction were noted in a high percentage of cases (92%) and non cases 
(74%). The prone Push up test was positive in 78%/64% of cases and non-cases. Abnormal neck
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flexion was found in 73% cases and 64% of non-cases respectively which was relatively low. Faulty 
sitting respiration patterns were noted more commonly in the non-cases (86%) than cases (76%).
4.8.6 Adverse neural tension
The upper limb tension test which stresses the brachial plexus and peripheral nerves as they exit the 
cervical spine was positive in 92% of cases, 64% of non cases. The slump test was positive in 80% of 
cases, 36% of non cases. The AER test had a low prevalence in both groups 57%/14% for cases/non 
cases.
4.8.7 Muscle strength/length
Limited cervicothoracic extension endurance and lower trapezius strength were both identified in a 
high number of cases, 90% and 86% of cases and 79% and 71% non- cases respectively. Weakness 
of the anterior neck flexors was noted in 84% of cases 64% of non-cases.
Length assessment was grouped into cervical and dorsal regions. The majority of participants had 
evidence of muscle imbalance and restriction. Due to the universal prevalence specific muscle 
imbalance was not included.
4.8.8 Balance tests
96% of cases, 86% of non cases exhibited an inability to stand on 1 leg with eyes closed for the 
normal value of 20 seconds. Seventy-eight percent of cases, 93% of non cases exhibited a positive 
Fukuda Unterberger test which indicates aberrant cervical righting reflexes.
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4.8.9 Examination test frequency by case grouping
The tests that appeared to be substantially more common in the case group versus the non-case 
group (> 20% difference) included, Slump test case80%/non-case36%, Apley’s scratch 
case76%/non-case50%, Shoulder ROM case92%/non-case71%, Sit to stand case82%/non-case57%, 
Cervical stability case84%/non-case64% and the Upper Limb Tension Test case92%/non-case64%. 
The empty can test had a higher non case scores (71 %/55%).
Of the lumbar spine tests lumbar range of motion case80%/non-case64%, lumbar quadrant test 
case90%/non-case50%, pelvic motion palpation case84%/non-case64%, Thomas test case96%/non- 
case79%, bilateral SLR case84%/non-case64% and Fabere Patrick (figure 4) test case84%/non- 
case79% demonstrated higher frequency in the case group.
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4.9 Discriminative Validity testing
The summarised validity and significance levels of the most useful, (>80% sensitivity, specificity 
and/or PPV), physical examination tests from each domain are summarised in Tables 26 (a, b). All 
test scores are included in the raw data tables in Appendix F. A number of tests were excluded 
from full analysis in this section as they addressed the low back or were deemed not useful for 
screening purposes.
The physical examination tests were grouped into the following categories or domains addressing 
specific aspects of anatomical structures, areas, tissues or function.
4.9.1 Movement patterns
Sensitivity ranges from 63 -  94% with T4 shoulder abduction, shoulder abduction, sit to stand test 
and TMJ movement pattern having sensitivities over 80%. Sitting 76% and supine respiration 63% 
have the poorest sensitivity in addition to neck flexion 73%. Specificity is generally poor 14-43%. 
Sit to stand test has the best specificity 43%. Positive predictive values range from 76%-83% (sit to 
stand test). Negative predictive values are low 18-40%. Sit to stand has the best likelihood ratio of 
1.42.
4.9.2 Cervicothoracic specific tests
Sensitivities range from 57-90%. Cervical range of motion, cervicothoracic extension endurance 
and lower trapezius strength testing are all high. Specificities are generally low, 7-57% (prone 
scapular abduction). Positive predictive values are all acceptable 76-85%. Prone scapular 
abduction has the highest likelihood ratio at 1.61.
4.9.3 Shoulder specific examination tests
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Sensitivities range from 51-92%, with shoulder range of motion 92%. Specificities range from 29- 
64% highest for Neer’s impingement sign. PPV’s range from 73-84%. Apley’s scratch test has the 
highest value. Positive likelihood ratios of 1.51 for Apley’s scratch test and 1.42 for Neer’s 
impingement sign were noted.
4.9.4 Elbow/forearm tests
Sensitivities were poor in this group of tests 20%, 29% and 47%. Specificities were high 79%, 86% 
and highest, 93%, for wrist extension. Positive likelihood ratios were above 2.
4.9.5 Balance testing;
1 leg balancing eyes closed (96%) and the Fukuda Unterberger test (78%) has the highest 
sensitivities. The 1 leg balance eyes open and Veles test had poor sensitivity and high specificity. 
PPV’s were good throughout. 1leg balance eyes closed had the highest positive LR. 1.49.
4.9.6 Nerve tension signs
The ULTT has good sensitivity 92%. Specificity was very good for the AER test 86% demonstrating 
the highest PPV 93% and positive LR of 4.00. The slump test has good sensitivity 79% and 
specificity 64% and a positive LR of 2.22.
4.9.7 Palpation for tenderness
Cervicothoracic muscle tenderness to palpation has good sensitivity but very poor specificity. 
Forearm muscle palpation has reasonable specificity. Poor likelihood ratios were noted throughout. 
Lower cervical 92% and upper dorsal 94% joint palpation has the best sensitivity values. Specificity 
was very low overall. PPV's were also generally lower ranging from 64-78%. See Table 26 b.
4.10 WRMD’s reported during last 7 days
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The data for cases experiencing neck shoulder trouble during the last 7 days is summarised in 
Table 2, Appendix F. The prevalence of self reported 7 day trouble in the neck shoulder was 
63.4%. Generally, the values were similar with 40 of 49 cases self reporting symptoms present 
within the previous 7 days. Due to the lower prevalence rates positive predictive values were 
generally lower ranging from 50-80% and negative predictive values generally increased. Similar 
trends were demonstrated with generally higher sensitivities and lower specificities.
4.10.1 Movement patterns
T4 shoulder extension 93%, TMJ movement pattern 85% and Shoulder abduction 83% have the 
highest sensitivities. The sit to stand test 80% and prone push up 75% have good sensitivity 
values. Both supine 60% and sitting respiration 73% were lower.
4.10.2 Cervicothoracic examination tests
These tests demonstrated good sensitivity with cervical range of motion 87%, cervical stability 
87%, cervicothoracic extension 90%, and lower trapezius strength 88%. Cervical quadrant test, 
58% and the cervical syndrome assessment 55%, were poorer.
4.10.3 Shoulder tests
Shoulder range of motion 90% and Apley’s scratch test 73% were good with the empty can test 
55% and Neer’s impingement sign 50% demonstrating poorer sensitivities.
4.10.4 Elbow forearm wrist and hand
These tests, elbow ROM 28%/78%, wrist extension 15%/78% and wrist hand ROM 43%/61% 
demonstrated poor sensitivity but reasonable specificity respectively.
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4.10.5 Nerve Irritability signs
The ULTT has the best sensitivity 90%, the Slump test 85% sensitivity with the highest likelihood 
ratio 1.95. The AER test has poor sensitivity 58% with a likelihood ratio of 1.88. Silverstolpe’s test 
has a sensitivity of 68%.
4.10.6 Palpation trigger points
Cervicothoracic trigger point identification demonstrated the highest sensitivity of 95%. PPV’s and 
LR’s were low however.
4.10.7 Palpation joints
Joint palpation for tenderness of the lower cervical and upper dorsal, prone position was again the 
most sensitive, 90% and 83% respectively. In the sitting position lower cervical 93%, upper dorsal 
95%, and upper limb 90% demonstrated good sensitivity. Hypermobility testing, sensitivity of 38% 
was poor.
4.10.8 Balance testing
1 leg balance eyes closed (95% sensitivity) and the Fukuda Unterberger test (77% sensitivity) 
demonstrated the best sensitivities.
4.11 Summary of physical examination test validity results
The physical examination tests in this cohort demonstrated good sensitivity overall, but imprecise 
measures of specificity and low likelihood ratios due to the low sample size. A number of tests 
demonstrated reasonable sensitivity and PPV’s implying usefulness for screening purposes in this
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particular cohort of computer users with work-related neck shoulder and upper limb disorders. See 
Table 27 for a summary of the validity values by cohort and Table 28 for the summary.
Table 27 Summary of test domain validity data
Physical
examination tests(n)
Sensitivity% Specificity% PPV% LR pos
Movement patterns (8) 94-63 43-14 83-76 1.42-.89
Cervicothoracic
testing(8)
90-57 57-7 85-76 1.61-.88
Shoulder tests(4) 92-55 64-29 84-73 1.51-.77
Elbow forearm tests(2) 
Hand wrist tests(1)
47-20 93-86 91-87 2.19-.83
Palpation joints(5) 94-33 36-0 78-64 1.88-1.52
Palpation muscles(3) 96-51 71-7 86-78 1.78-1.01
Nerve irritability(4) 92-57 86-36 93-79 4.00-1.03
Balance(4) 96-35 71-14 81-75 1.49-.84
Of the specific domains tested the movement pattern group demonstrated the best overall 
sensitivity values. The following tests had sensitivities and PPV’s of 80% or greater. Sit to stand, 
TMJ, T4 extension, shoulder abduction. The prone push up MP, sitting respiration and neck flexion 
were still acceptable but below 80%.
Of the Cervicothoracic testing group the following tests had the best sensitivities (>80%); cervical 
stability, cervicothoracic extension endurance, cervical ROM and lower trapezius strength. 
Shoulder ROM and Apley’s scratch were the most useful shoulder tests. Of the balance group 1 
leg balance eyes closed and the Fukuda Unterberger test showed acceptable values. Nerve 
irritability testing revealed the slump test and upper limb tension test with highest sensitivity and 
PPV’s. The AER test has the best specificity value and good PPV.
Palpation of joints and muscles revealed the lower cervical and upper dorsal areas as the most 
significant but of limited value due to extremely low specificity.
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Table 28 Summary of best tests for each domain based upon 80% sensitivity/specificity
and/or PPV values.
Sensitivity % Specificity% PPV% LR pos p values
Movement Patterns
Sit to stand 82 43 83 1.42 .078
TMJ 86 29 81 1.27 .243
T4 extension 94 14 79 1.09 .188
Shoulder abduction 84 21 79 1.06 .696
Neck flexion 73 36 80 1.14 .517
Cervicothoracic
Cervical stability 84 36 82 1.30 .141
Cervicothoracic endurance 90 21 80 1.14 1.14
Cervical ROM 90 21 77 .97 1.00
Lower trapezius strength 86 7 81 1.2 .243
Shoulder
Shoulder ROM 92 29 82 1.28 .065
Apiey’s scratch 76 50 84 1.51 .098
Balance
1 leg eyes closed 96 14 80 1.49 .211
Nerve irritability
ULTT 92 36 83 1.43 .020
Slump 79 64 87 2.22 .003
AER 53 86 69 4.00 .006
Palpation
Muscles cervicothoracic 96 7 78 1.03 .536
Table 29 lists the 10 items regarded as the most appropriate for inclusion in the combined 
instrument based upon a combination of validity and utility. Table 30 shows discriminant validity for 
diagnosing cases based on different cut off scores.
Table 29 Top ten tests selected for instrument
Sensitivity % Specificity% PPV% LR pos P
values
Movement Patterns
Sit to stand 82 43 83 1.42 .078
Shoulder abduction 84 21 79 1.06 .696
Cervicothoracic
Cervical stability 84 36 82 1.30 .141
Lower trapezius strength 86 7 81 1.2 .243
Shoulder
Shoulder ROM 92 29 82 1.28 .065
Apiey’s scratch 76 50 84 1.51 .098
Balance
1 leg eyes closed 96 14 80 1.49 .211
Nerve irritability
ULTT 92 36 83 1.43 .020
Slump 79 64 87 2.22 .003
AER 53 86 69 4.00 .006
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A consensus approach to selecting the most appropriate tests based upon validity values, 
significance levels, ease of use and clinical usefulness was undertaken. Ten tests were selected 
and analysed using a receiver operator curve to find the level of optimal validity. Table 30 
summarises the data. The optimal cut off for diagnostic purposes is 7/10 positive tests.
Table 30 Discriminant validity for diagnosing cases based on different cut off scores.
Cut off 
Value*
sensitivity specificity PPV NPV
2 100 7 79 100
3 100 7 79 100
4 100 21 82 100
5 100 29 83 100
6 98 43 86 86
7 92 57 88 67
8 78 57 86 42
9 53 79 90 32
10 16 100 100 25
* Defined as a case if total score is > cut-off value and non case otherwise
Figure 8 shows sensitivity plotted against 100-specificity (a Receiver Operator Characteristic 
(ROC) curve) for different cut-off values for the overall score. This and table 30 above show that 
with a cut-off score of 7 (i.e. diagnosing a case if the total score is 7 or above) gave a high 
sensitivity, 92%, with a reasonable specificity (57%).
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Fig. 8 Receiver operator characteristic curve for different cut off values
The receiver operating curve provides an indication of the test result which represents the best cut 
off value for discrimination between cases and non-cases. The data point which maximises the 
sum of sensitivity and specificity, usually located towards the top left corner, is generally 
considered the optimal value. This represents the best combination of sensitivity and specificity. 
Table 31 summarises the sensitivity, specificity, predictive values and confidence intervals for the 
optimal cut off point.
Table 31 Validity values for optimal cut off point (7/10)
r/n % 95% Cl
Sens 45/49 91.8% 80.4% - 97.7%
Spec 8/14 57.2% 28.9% - 82.3%
PPV 45/51 88.2% 76.1%-95.6%
NPV 8/12 66.7% 34.9%-90.1%
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DISCUSSION
SECTION 5
5.0 Discussion
5.1 Overview
This study illustrates a high prevalence of self reported neck, shoulder and upper limb symptoms 
12 month (78%), 7 day (64%), high levels of self reported dysfunction and limitation of functional 
ability in conjunction with a high prevalence of positive examination findings in this convenience 
sample of 63 female computer users.
The examination tests generally demonstrated high sensitivity (>80%), lower specificity (<80%) 
and lower likelihood ratios (>4) with some exceptions. A number of the examination tests selected 
appear to have potential to be used as components of a screening examination protocol for the 
early identification of WRMD’s affecting the neck, shoulder and upper iimb.
While reasonable levels of measured sensitivity were achieved imprecise measures of specificity 
were noted. This is most likely due to low sample size and character of the sample. Wide 
confidence intervals were also a result of these factors.
However for this particular sample with the inherent limitations a number of tests (15) showed 
acceptable levels of sensitivity, specificity and/or positive predictive value (>80%) in identifying self 
reported cases of neck shoulder MSD’s. Good levels of positive predictive value were noted 
throughout most of the test domains. This was related to the high prevalence of self reported neck 
shoulder complaints in this particular group. The tests that demonstrated lower sensitivity and 
higher specificity values were related to specific assessment tests for specific orthopaedic 
conditions such as lateral epicondylitis and shoulder impingement affecting the shoulder, elbow 
forearm wrist hand and fingers.
Further analysis incorporating significance levels for individual tests in conjunction with clinical 
utility and ergonomic usability allowed the selection of the 10 best tests for identifying MSD cases.
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This group of tests was assessed for validity using a Receiver Operator Characteristic curve. 
Optimal sensitivity and specificity values for this instrument were obtained when 7/10 tests tested 
positive. These tests could be incorporated as additional screening tools to workplace ergonomic 
risk factor assessment and seif-report symptom questionnaires.
For a diagnostic tool based on whether the person had 7 or more of the selected items a high 
sensitivity (92%, 95% confidence interval 80.4% - 97.7%) and reasonable specificity (57.1%, 95% 
confidence interval 28.9% - 82.3%) were obtained. However, because the same sample was used 
to derive and evaluate the tool these values of sensitivity and specificity will be optimal and the tool 
would need to be tested prospectively. In addition the sample size resulted in large confidence 
intervals, particularly for specificity, so larger sample sizes and stratification on case and non-case 
would be desirable. The diagnostic tool developed in this study does show that the approach of 
counting the number of items does appear to be promising.
This discussion will explore the relationships of the results of this study; self reported symptoms, 
functional impairment and physical examination findings and sensitivity, specificity and predictive 
value in this cohort in light of the current literature and applications for the ciinicai environment.
5.2 12 month versus 7day data
The prevalence of self reported 7 day trouble in the neck shoulder was 63.4%. Generally, the 
values were similar with 40 of 49 cases self reporting symptoms present within the previous 7 
days. Due to the lower prevalence positive predictive values were generally lower ranging from 50- 
80% and negative predictive values generally increased. Similar trends were demonstrated with 
generally higher sensitivities and lower specificities. Appendix F contains the 7 day data set.
A number of studies have evaluated reported symptoms and signs based upon 7 day data 
(Devereux e t al. 1999, Andersen e t al. 2001 Gerr at al 2002, Perreault et al. 2008). The 7 day data 
tends to reduce the prevalence of ‘cases’ but increases the frequency of positive examination
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findings. This tends to represent a more acute population with more incident specific anatomical 
findings. The 7 day data case definition was not used in this study as the focus was on chronic mild 
to moderate conditions felt to be better assessed through the 12 month self report.
5.3 Screening
One of the limitations of screening as a sub component of a health surveillance programme is the 
utility of any brief physical examination for use within the occupational setting. Extensive physical 
examination procedures and or complex functional capacity evaluations are not suitable for these 
purposes. A number of tests were selected that would require minimal technical equipment and 
expertise and incorporate the traditionally advocated assessment methods of observation, 
palpation of joints and muscles, strength and stress testing of potential involved structures. These 
tests were easy to administer and appear to be well tolerated by the participants. No adverse 
reactions to the examination process were reported. Mild stiffness and soreness was noted in a 
small number of participants. The current number of tests is too great and the protocol will benefit 
from further analysis of a smaller number of key tests. With further refinement of the examination 
content the protocol will be easier to administer. The use of these assessment tests by 
occupational health personnel such as occupational nurses, physiotherapists and ergonomists 
would be of value in implementing ongoing effective surveillance programmes.
These tests do not require extensive training and or clinical expertise. With the exception of 
palpation skills and interpretation of movement pattern abnormalities these tests require little 
interpretation. Based upon these criteria they would be suitable for further evaluation of their 
reliability and utility for the evaluation of WRMD’s in this type of population.
These tests will most likely provide an overestimate of positive findings in working populations due 
to their high sensitivity and PPV. This makes them unsuitable as a replacement for a full medical 
diagnostic evaluation particularly in epidemiologic studies. The present version of these
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assessment methods will identify too many potential disorders. They may have utility for clinical 
application in the identification of potential WRMD’s and stimulate further evaluation.
5.4 Individual test findings
5.4.1 Movement Patterns (MP)
Movement patterns have not previously been subjected to assessment of validity in identifying 
clinical cases in the literature. Their usefulness in assessing the functional capacity of individuals 
experiencing MSD’s has yet to be fully ascertained. They are currently used as components of the 
functional assessment of MSD’s in clinical practice. As previously mentioned motor control issues 
may be an indication of early changes in the musculoskeletal system. Movement patterns may be 
a method for simple clinical assessment of these changes that can be applied to the work 
environment. These tests identify muscle imbalance and abnormal motor control issues in the 
integrated action of these joint complexes. This can lead to excessive neuromechanical stress to 
the involved areas with subsequent symptom reporting (Novak & Mackinnon 2002).
The sit to stand test which assesses the movement pattern of arising from a chair was universally 
poorly performed. It may reflect the effects of the prolonged seated position assumed by these 
workers and is a test which assesses whole body mobility. It demonstrated good sensitivity 
reasonable specificity and good PPV. (p=.078). It demonstrated the best overall validity values.
The T4 shoulder flexion movement pattern which assesses global shoulder and upper dorsal 
mobility had the best sensitivity (94%) good PPV 79% but very low specificity (14%) (p=.188). 
These 2 tests were selected from the movement pattern group for the global instrument.
5.4.2 Cervicothoracic (CT) tests
These tests assessed muscle weakness in both endurance and static strength of the 
cervicothoracic extensors, flexors and scapular stabilisers. This can result from pain, muscle 
imbalance, fatigue and overuse. They also included provocative orthopaedic tests specific to this
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functional anatomical area. Some of these tests have been evaluated in the self-assessment of 
workers and evaluated for validity in comparison to clinical examination (Toomingas 1998).
Cervical stability testing which assesses endurance of the anterior cervical musculature was 
selected with good sensitivity and PPV (p=.141). Lower trapezius strength was also selected with 
good sensitivity and PPV (p=.242). This test had poor specificity 7% but assessed functional 
strength of the scapular stabilisers.
In the current study Kemps test, a modified version of Spuriing’s manoeuvre demonstrated low 
sensitivity value (57%) and similar specificity values (50%). This was lower than values reported 
elsewhere in a clinical sample of neck pain patients (DeHertough et al. 2007). Interestingly, 
individual measured range of motion alone had poor sensitivity. Total range of motion however 
produced good sensitivity 89%. Reading e t al. (2005) also found total restriction of neck 
movement was associated with a higher prevalence of neck pain and/or numbness and tingling in 
the hand or arm. Cervical range of motion values demonstrated good sensitivity and PPV in this 
study. This may be related to clustering of the cervical range of motion findings. Neck and shoulder 
range of motion validity values were generally poorer in the Toomingas et al (1995) study (20- 
50%).
5.4.3 Shoulder specific tests
Shoulder specific tests assessed primarily active passive range of motion and orthopaedic tests 
specific for common shoulder conditions such as impingement syndrome/tendonitis. Shoulder 
range of motion had the highest sensitivity (92%) and good PPV (82%) (p=.025). Apley's scratch 
test while just beiow 80% sensitivity exhibited good overall values and reasonable specificity (50%) 
(p=.098). The likelihood ratio was the highest in the group (1.51). Specific tests for impingement 
syndrome or shoulder tendonitis were low most probably due to the iow prevalence of acute 
tendonitis in this population. This indicates loss of shoulder mobility but limited acute tendon 
involvement. This is consistent with sustained postures and associated muscle and capsular 
shortening.
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Ohlsson et al. (1994) comparing questionnaire with clinical examination and found good sensitivity 
for shoulders 92% and elbows 79%. Neck shoulders combined were 77%. Specificity was 
reasonable ranging form 88-64 %. Again sensitivities are comparable but specificity much better in 
the Ohlsson study. The use of specific diagnostic criteria which included a history appears to have 
improved specificity. The sensitivity appeared to drop when compared to clinical findings alone. 
This analysis is more similar to the current study. Shoulder findings retained adequate sensitivity 
but other physical findings demonstrated lower sensitivity values and higher specificity.
5.4.4 Elbow forearm, hand wrist finger tests
Similarly elbow forearm hand wrist finger testing applied range of motion and provocative tests to 
the involved areas. The sensitivities were uniformly low in this group (20%, 29%, 47%) with high 
specificities (79%-93%). The PPV remained high. Resisted wrist extension had a relatively high LR 
(2.85). Again the sensitivity was low for both wrist extension and elbow forearm ROM testing. This 
is in part a reflection of the low prevalence of elbow forearm disorders and non-specific nature of 
the conditions. No tests were selected from this domain of tests due to the low sensitivity values 
and clinical applicability to neck shoulder disorders. These highly specific tests may have a larger 
role in ruling out specific conditions affecting these areas.
5.4.5 Balance
The balance tests assess proprioception and the interaction of neck position, inner ear function, 
temporomandibular joint function and cervical spine integrity. Balance with one leg eyes closed 
was the most sensitive (96%) test in this group with the highest LR (1.49) (p=.211). This test was 
performed uniformly poorly. It may be that prolonged sitting has effects upon balance and/or 
cervical spine dysfunction is reflected in poor balance ability (Murphy 2000). This test was selected 
for the instrument.
5.4.6 Nerve Irritabiiity
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Nerve irritability or nerve tension signs are commonly used in musculoskeletal assessment 
(Wainner et al 2003). Overt neurologic compromise was not assessed but these functional tests for 
nerve tension can indicate low grade nerve pressure and irritation. The upper limb tension test had 
the highest sensitivity (92%) and good PPV (83%) (p=.020). The slump test had good sensitivity 
(79%) and specificity 64% with a good likelihood ratio (2.22) (p=.003). The slump test assesses 
tension on the spinal cord with full flexion of the head neck and lumbar spine combined with a 
straightening of the legs. Prolonged seated postures may have a shortening effect upon the tissues 
which results in increased irritability. This test had the best combined sensitivity and specificity 
values.
The Abduction and External Rotation (AER) test demonstrated excellent specificity (86%) and the 
best likelihood ratio (4.0) of all tests (p=.006). It appears the ULTT was a better test for identifying 
cases than the AER test but poorer at ruling out thoracic outlet type conditions. This may be due to 
the non-specific nature of the cases and low prevalence of classic thoracic outlet syndrome as 
identified by the AER test. Toomingas et al. (1995) found higher sensitivity (71%) but lower 
specificity (60%) for the AER test in a clinical population. The one minute version as opposed to 
the three minute version was used in both studies.
5.4.7 Palpation of muscles and joints
The palpation tests for tenderness and restriction of joints and muscles are the most commonly 
studied clinical finding in epidemiological studies but did not help differentiate cases from non­
cases in this study. High sensitivities were noted for cervicothoracic trigger points and lower 
cervical and upper dorsal joint palpation. However extremely low specificities were noted which 
limit the validity and usefulness of these assessments. Palpation of cervicothoracic muscle trigger 
points demonstrated very high sensitivities (96%) with poor specificity (7%). Joint palpation of the 
lower cervical spine was also not useful sensitivity (92%) specificity (0%). Forearm palpation for 
tenderness demonstrated a PPV of 86%. These tests do not help discriminate cases from non­
cases in this study.
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The grouping together of anatomical areas, upper cervical, lower cervical and upper dorsal, as 
opposed to specific joint and trigger point evaluation may have influenced the calculated values. 
Specific assessment of individual anatomical levels is difficult and not suitable for a screening 
protocol. Additional expertise is also required to assess individual spinal joint function which may 
limit its applicability in the work environment.
Similar issues were raised by King e t al. (2007) in their evaluation of validity of manual joint 
examination in assessing patients with current neck pain. While they found similar levels of 
sensitivity (89%), specificity (47%) and likelihood ratios (1.7) in their sample of 173 patients with 
neck pain they noted that a high pre test probability of symptomatic joints ensures a high sensitivity 
for an examiner accustomed to diagnosing these levels as positive. Under these conditions they 
note that specificity becomes more important. The lower specificities are reflected in the low values 
of positive likelihood ratios. The values in King’s (2007) study (specificities .39-.50) indicate that it 
is difficult to discriminate between the presence and absence of the condition. This study however 
is assessing the ability of palpation to identify a specific symptomatic joint as determined by 
diagnostic joint block. This was a very specific criteria related to the specific diagnosis of an 
underlying condition. This current study has demonstrated specificities of a low range (< 75%). It is 
however concerned with a screening assessment as a component of a more rigorous evaluation. 
The likelihood ratios however are also low and do compromise the ability of the tests to 
discriminate. King’s study is similar in that it evaluates a single testing procedure i.e. motion 
palpation. The sample included male and females and utilised a much larger cohort (n=173). A 
similar prevalence of chronic recurrent neck pain was noted (77%).
In contrast DeHertogh e t al. (2007) evaluated the validity of a group of tests for the clinical 
examination of neck pain patients. Manual examination procedures demonstrated good sensitivity 
(72.2%). A high specificity was noted for manual palpation of the spine. This was not found in this 
study. Improved values were also found with pain provocation. These values are similar to the 
values obtained in the current study. The presence of a current neck complaint, a very general
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reference standard, was set as the gold standard. This and clustering of tests improved the 
diagnostic value of the tests.
Toomingas et al. (1995) assessed for tenderness to palpation of muscies only and overall the 
sensitivities were low (<70%). Twenty-five percent reported symptoms during the last 7 days, a 
much lower prevalence rate than found in this study. Toomingas’ study has applicability in that it 
evaluated similar categories of tests to the current study. However, the criterion standard was a full 
clinical examination compared to self examination as opposed to self report symptoms. No 
tenderness of joints was assessed in the Toomingas (1995) study. The palpation for tenderness of 
muscles in this study demonstrated much higher sensitivity. This may reflect the use of self 
assessment in examination technique.
5.5 Study population
Self selected convenience sampling was employed with the primary inclusion criteria consisting of 
spending >15 hours per week at the computer. Females only were selected due to their increased 
prevalence of MSD’s conditions and their increased propensity to report musculoskeletal trouble 
(Polanyi e t al. 1997). It was stressed that the presence of symptoms was not required in order to 
participate in the study. It was anticipated an estimated 30 participants per group would be 
recruited.
It appears however that the nature of the study tended to attract those individuals who were 
experiencing or had experienced musculoskeletal trouble in the neck, shoulder and upper limbs. 
This resulted in a skewed sample of 49 cases and 14 non-cases. This influenced both prevalence 
of reported disorders and subsequently improved positive predictive values. Stratification of the 
sample in order to attain more non-cases would have been beneficial. Due to time and resource 
constraints this was not feasible.
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This group was selected as a convenient and relevant population that demonstrated the impact of 
static postural stress, psychosocial stressors and gender predisposition for the development of 
WRMD’s of the neck shoulder and upper limb.
Sensitivity and specificity of classification criteria can vary with the sample studied and the 
spectrum of disease. As a result appropriate populations must be selected for study (Greenhalgh 
1997). The sample was restricted to female participants and specific to computer users in order to 
maximize homogeneity of the population and provide as representative a sample as possible. In 
order to attract participants that were at work and not currently under clinical care for MSD’s 
sampling was conducted primarily within the workplace and by necessity was of a convenience 
nature. If screening procedures are to be used on workers development and validation of 
screening protocols should be specific to the working population (Greenhalgh 1997).
The reported hours/week at the computer was 30-40 hours/week. This compares similarly with the 
working hours and population cohort of Jull-Kristensen’s study (2006) with a weekly working time 
of 36.4-38.1 working hours. Time at the computer (>4 hours/day) contributes to the onset and 
increase the risk of neck shoulder and arm pain in these individuals (Blatter & Bongers 2002). No 
specific measure of daily computer use was undertaken. The majority of participants were 
classified as administrative secretarial. Some academic staff and post graduate students however 
were included. This may have resulted in some variation in computer usage and exposure to 
physical and psychosocial risk factors.
The majority of participants had been at their present job for a minimum of 5 years, with the mean 
duration of employment 10 years for the group. It may be that workers with more severe MSD’s 
have already left work resulting in a healthy worker selection effect in this group (Punnett 1996). A 
large percentage (49%) reported altering their activity patterns because of their complaints but did 
not take time off work because of them. A lesser percentage (22%) reported reducing their work 
activities.
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The study population consisted of individuals who would be likely to undergo the tests in clinical 
practice. Due to the convenience nature of the study variation in severity of MSD’s was 
uncontrolled. Spectrum or selection bias can occur when the study participants are not 
representative of the population that would be typically tested (Lijmer et al. 1999). The mild to 
moderate nature of conditions in a working population of this type can result in excessive numbers 
of individuals without impairments. This was not the case in this study.
5.6 Reference standard
5.6.1 Case criteria/diagnosis
In evaluating diagnostic tests the clinical test of interest is compared to a criterion that best defines 
the condition of interest and should be consistent with the intended purpose of the diagnostic test 
(Fritz & Wainner 2001). In the evaluation of non-specific musculoskeletal disorders there is 
currently no appropriate diagnostic gold standard for the classification of these conditions 
(Buchbinder e t al. 1994, Van Eerd e t al. 200, Walker-Bone et al. 2003, Katz e t al. 2000). Variability 
of definition, ability to identify pathology and the continuum of disease severity ail limit the ability to 
diagnose accurately. This most likely contributes to misdiagnoses and confusion. Coggon e t al. 
(2005) and Buchbinder e t al. (1994) have advocated the use of diagnoses as a useful method of 
individual classification for the purpose of preventing and/or managing illness.
In this study it is unknown whether the cases represent a homogeneous population based upon the 
general reference criteria used in this study. This could compromise the results in both 
epidemiological studies and clinical trials. It can also lead to over diagnosis which can lead to 
unnecessary interventions and contribute to workers beliefs of the work-related ness of their 
condition (Helliwell 1996).
The use of self reported pain as the gold standard creates a problem with the potential utility of the 
tests selected. If the participants are reporting symptoms then that assessment alone may be an
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adequate screening mechanism. However, clinical signs may add additional information regarding 
the areas affected and often provoke symptoms not previously noticed by the individual. This 
occurred with a large number of the participants in this study. The case definition while non-specific 
provided a reasonable baseline for comparison by the clinical tests. Additional criteria could be 
used in future to improve the gold standard. Incorporation of reported pain levels, specific 
functional outcome scores and detailed clinical evaluation could improve the gold standard in 
future work.
Self reported musculoskeletal complaints were defined in this study as a self-reported 
musculoskeletal problem in the neck, upper back, and shoulder which had occurred more than 3 
times or lasting more than 1 week in the previous year (yes/no).This classification criteria while 
non-specific in nature, was adequate for the purpose of this study in identifying participants with 
chronic recurrent trouble. It has been used previously in a number of studies, the stress MSD study 
(Devereux e t al. 2004), a modified version in the upper limb discomfort questionnaire (Franzblau et 
al. 1997) and by Bernard e t al. (1994). This specific case definition has been shown to have 
reasonable test re-test reliability; .76 for the neck and shoulder complaints (Franzblau et al. 1997). 
The combination of neck shoulder MSD’s into one health care variable is clinically relevant due to 
the integrated nature of the upper quadrant which includes the cervicothoracic spine, upper limb 
joints and neurological and muscular components. Other studies have integrated the neck shoulder 
for evaluation in the work setting. (Gerr e t al. 2002). It may however mask a number of more 
specific complaints under one classification category. Further more specific testing could follow to 
provide more specific diagnostic classification.
Case criteria for the elbow forearm and hand wrist fingers were also assessed using the same 
clinical criteria, with 20 and 18 cases identified respectively. Due to the overlap with neck shoulder 
cases all but 2 were analysed as neck shoulder cases. This may have resulted in additional clinical 
findings being attributed to the neck shoulder cases. Due to the multiple areas assessed and 
possible conditions that may have been present the possibility of over classification as a positive 
case was high.
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This classification criterion in this study addresses a substantial time period of 12 months. The time 
period assessed may have contributed to recall bias. Recall bias can and may have influenced the 
reporting of these symptoms (Toomingas 1998, Portney & Watkins 2000). Bjorksten et al. (1999) 
recommends 3 month duration in order to minimise recall bias. This may have been more 
appropriate for recall and still included conditions of a chronic recurrent nature. The goal was to 
identify individuals experiencing chronic recurrent MSD’s of a miid to moderate nature and the 12 
month time period was deemed more appropriate.
The classification criteria may not be a true reflection of individual health status. A fuli clinical 
assessment would be required to provide a true clinical gold standard. Also variations in current 
health status would also modify ultimate diagnostic accuracy, it was assumed that non-specific 
MSD’s would be the most common presenting clinical category. The determination of test validity is 
ultimately in relation to self reported status and not the true clinical diagnostic state. Miss- 
ciassification due to the vague nature of the gold standard, recall bias and reliability and validity 
issues related to the testing protocol may have influenced the classification of cases and 
prevalence of positive findings.
The value of the case definition used in this study resides with its ability to easily separate 
significant differences between the case and non-case group and allow evaluation of the selected 
physical examination tests. As the purpose of the tests may not be primarily one of diagnostic 
categorisation it was felt that a gold standard of this nature was appropriate.
Case miss-classification is an issue that can influence the evaluation of diagnostic screening 
validity (Portney & Watkins 2000). The possibility of miss-classification in this study was minimised 
by evaluating the self report data in relation to the activity of daily living scores of the NDI, DASH 
and pain scores between the 2 groups. There were significant differences in the scores between 
the cases and non-cases as summarised in Table 23. This case definition allowed for a simple 
classification between those experiencing pain and dysfunction from those not. It is clear that the 
self reported cases represented a cohort that was experiencing moderate to severe levels of pain
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and dysfunction in activities of daily living. The psychosocial scores were within the normal range 
and did not vary appreciably between the groups. This implies a similar level of psychosocial 
status. This allowed subsequent evaluation of the selected physical examination procedures in 
relation to the assessment of validity.
in this study the gold standard of subjective self report of chronic recurrent musculoskeletal trouble 
in a particular area; the neck shoulder and upper limb, was applied to all participants and was 
independent of the examination tests. Blinding of the case status to the examiner was maintained 
thus minimising so-called review bias.
5.7 Prevalence of WRMD’s
The prevalence or proportion of participants that are deemed cases does not affect the sensitivity 
or specificity values. They do however influence the PPV’s -  the proportion of individuals with a 
positive test that are correctly diagnosed. This is a more clinically useful measure of test 
effectiveness.
The prevalence of self reported MSD’s was substantial in this group. Out of 63 participants 78 % 
self- reported neck, shoulder and upper arm trouble within the past 12 months and 64% of those 
experienced symptoms during the previous 7 days. Additionally 23% reported elbow forearm 
complaints and 32% hand wrist and fingers complaints greater than 3 times during the previous 12 
months and greater than 1 week in duration. This appears to be a higher prevalence than other 
cohorts as reported in the literature. Specifically in computer users Korhonen e t al. (2000) reports 
an annual incidence of 34% for neck shoulder disorders. Van Tulder e t al. (2007) in a review 
reports a prevalence of as high as 22-40% for non-specific neck and upper limb disorders in 
specific working populations. Only one study however, reported a prevalence of MSD’s in keyboard 
users higher than this study (81%) (Kamwendo et al. 1991). This appears to be primarily due to the 
variation in applied case criteria.
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The positive predictive values would be expected to drop with a lesser prevalence as would be 
expected from the population figures of 30-40% most quoted in the literature. An associated 
increase in the NPV would occur with less true abnormalities present in the population. As a result 
these predictive values will be applicable to this sample and associated prevalence levels.
Clinical patient groups will tend to overestimate the sensitivity while groups selected from normal 
healthy populations will overestimate the specificity of assessment methods. This does not seem to 
be the case in this supposedly non clinical population. These tests would be expected to 
demonstrate lower sensitivities in larger samples of working populations.
In a review of epidemiologic studies addressing the prevalence and risk factors of soft tissue 
rheumatic disorders of the neck and upper limb Walker-Bone e t al. (2003) reported the following. 
That reporting troublesome neck pain during the last year was 40%, shoulder upper arm 19%, 
elbow 12% and hand wrist 20%. By combining the neck and shoulder categories this compares 
reasonably (59%) but is still lower than this group (78%). These studies sampled much larger 
populations which included a variety of work exposures. In this study the high prevalence of cases 
and low number of non-cases is most likely related to the small sample size and probable self 
selection bias of participants experiencing neck shoulder complaints.
It may be that by combining neck and shoulder complaints this may have altered the relative 
prevalence rate. This has been done however in previous studies Hagberg & Wegman (1987), 
Silverstein (1987) and Hales e t al. (1994). They found prevalence’s of up to 50% and as high as 
80%. Case definition, recall bias, selection bias and sampling methods all have contributed to the 
high reported prevalence of conditions.
It is probable that this cohort, noting the high number of hours spent at the computer (>20 
hours/week) are at increased risk for the development of work-related neck shoulder and upper 
limb pain syndromes. Blatter & Bongers (2002) report the watershed of 4 hours/day of visual 
display unit activity increasing the reported onset of neck and shoulder complaints in females. The
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participants were questioned regarding their weekly hours at the computer and individuals may 
have been spending more or less than this duration on a daily basis.
Faucett & Rempel (1996) compared self report and observed hours of computer use. Self report 
tended to overestimate actual time at the computer. Bernard et al. (1994) also reported that VDT 
operators reported average time spent typing daily up to twice that noted by independent 
observers. This self reported recall bias could be a factor and may have influenced reported 
exposure and symptoms in this study.
A number of epidemiological studies have included males in the calculation of prevalence rates 
(Polanyi et al. 1997 Gerr e t al.2002). These studies have not targeted females specifically which 
would tend to lower prevalence rates as males require increased exposure in order (higher 
6hours/day) to develop WRMSD’s and tend to report less (Punnet & Berqvist 1997).
5.8 Diagnosis of WRMD’s
The relative proportions of specific to non-specific neck shoulder arm conditions are unknown in 
this study. Due to the nature of the assessment process classification into diagnostic conditions 
was not made. Reported symptoms and signs only were analysed. Non-specific neck shoulder 
pain can be as high as 50-80% of reported cases of neck shoulder pain (van Tulder et al. 2007). 
Non-specific neck, shoulder upper limb pain is the most common disorder found in computer users 
according to Gerr e t al. (2002).
As outlined by Buchbinder e t al. (1996) and van Eerd et al. (2003) in their review papers on 
classification of MSD’s there is no classification system universally accepted and standardised for 
the evaluation of work-related neck and upper limb disorders. This is particularly relevant with 
respect to non-specific MSD’s, which by exclusion have a limited number of specific physical 
findings and do not demonstrate overt pathology. Both non-articular and articular disorders of the 
musculoskeletal system tend to be non-specific, episodic and recurrent (Walker-Bone e t al. 2003).
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in this study diagnosis of specific conditions was not the primary aim. The objective was to 
evaluate a group of working female computer users in order to identify which clinical signs identify 
self-reported cases of mild to moderate musculoskeletal trouble. The type of testing undertaken 
while including standard physical examination procedures also attempted to evaluate current 
functional status and identify sub clinical findings or impairments. The clinical classification of 
functional status and its relation to the early development of signs of musculoskeletal dysfunction 
was the goal. The data obtained from this group of classified cases demonstrated an occupational 
group that was experiencing ongoing moderate musculoskeletal discomfort of a significant level 
(>4/10), which was affecting their activities of daily living and functional ability (table). The pain 
scale scores and functional outcome scores were consistent with moderate levels of disability and 
pain (Baron e t al. 1996). This group of workers while experiencing this level of pain and 
dysfunction remained at work and were not actively seeking care. While specific diagnostic 
categories could have been identified cases were classified generally as non-specific mechanical 
neck shoulder pain.
Classification criteria are generally research based and need to be simple, easy to administer and 
cost effective. Diagnosis can involve more detailed and invasive clinicai investigations in addition to 
history variables in order to categorise clinical syndromes and inform treatment. Nerve conduction 
studies for carpal tunnel syndrome is an example of more detailed diagnostic testing (Katz et al. 
2000). This type of testing tends to have higher specificity and often requires specialist equipment 
and training. In order to evaluate these simple physical examination tests for usefulness in the 
screening and identification of early signs of MSD’s diagnosis per se was not considered a priority.
Clinical signs while generally acknowledged being more objective than symptom reporting still 
have a large subjective component to their application. Most clinical examination tests require 
cooperation from the subject and a response regarding the effect upon perceived pain. For 
example tenderness can be considered a symptom or a sign dependant upon if the pressure is self 
applied or ciinician applied. Standardisation of the testing procedures and the use of only one 
examiner as in this study minimised the variability in application of these tests.
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5.9 Specific Areas of Involvement
The occurrence of proximal neck shoulder pain tends to be more common than distal pain 
syndromes but commonly cluster (Walker-Bone e t al. 2004). Referred pain patterns can also 
influence the distribution and reported location of pain syndromes. This was consistent with this 
cohort. There were also multiple complaints noted in the cases and again this is consistent with 
previous population studies (Walker-Bone e t al. 2004).
Symptom location was predominantly in the neck 81%, upper back 67%, right shoulder 52% and 
upper arm 27%. This correlates well with more proximal pain patterns found in neck shoulder arm 
cases and disorders affecting the dominant side (Pascarelli & Hsu 2001). The elbow was least 
affected (Right12%/Left6%) with the wrist (Rightl 8%/Left14%) and fingers also involved 
(Right22%/Left24%). Urwin et al. (1998) in a population survey of MSD’s in 6000 adults found the 
majority of participants reporting pain in more than one site. This was consistent with this cohort. 
Walker-Bone et al. (2003a), Ranney et al. (1995), Juil-Kristensen et al. (2004), found comparable 
areas affected in populations of female computer users with similar exposure patterns.
5.10 Reported Symptoms
This cohort was experiencing chronic recurrent pain and dysfunction of the neck shoulder and 
upper iimb that was perceived as work-related in the majority of cases. Seventy-three percent of 
cases reported that their problems were associated with a particular work station or work activity 
i.e. a work-related condition. Although specific risk factors were not identified this suggests a work- 
related component to these conditions.
This group was experiencing chronic recurrent neck shoulder symptoms. The causes of these 
reported complaints are unknown. The self reported medical history revealed a limited number of 
known medical conditions (Table 22). The full clinical assessment of participants prior to further
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testing of these screening examination tests was not considered necessary for the stated aims and 
objectives in this study.
Severity of symptoms ranged from 0-8 with a mean of 2.8 for reported discomfort at the time of 
assessment and 2-9 with a mean of 5.6 for the worst discomfort experienced during the last 30 
days on a scale of 0-10. A level of 4 or greater has been classified as indicating moderate to 
severe levels of reported discomfort (Bernard 1997). This indicates that the case group has self 
reported chronic pain levels of a moderate to severe level. While a large component of the group 
(49%) has experienced symptoms within the last 7 days it is of a lower level (2.8). This suggests a 
more chronic low grade condition as opposed to an acute incident.
Most studies have evaluated 7 day symptom reporting only in relation to diagnostic validity 
assessment This is often more relevant for making clinical diagnostic decisions incorporating 
history and examination variables (Perreault e t al. 2008, DeHertogh e t al. 2007, Devereaux et al 
2004).
Comparison between cases and non-cases in the QVAS scores, which evaluate self reported pain 
during a variety of time scales, demonstrated significant differences between the 2 groups. The 
non-case group was still reporting levels of pain and discomfort related to MSD’s but did not fulfil 
the case criteria. Specificity of the painful areas was not assessed. Variations in the time frame and 
anatomical areas assessed limit the applicability of this data. It does however highlight the high 
prevalence of these conditions in this population and reflects the ubiquitous nature of these 
conditions. Variations in case definition which altered pain severity levels would obviously affect 
the case prevalence of musculoskeletal trouble.
The non-case group were also demonstrating positive findings upon examination but to a lesser 
degree. This has been reported in other studies (Jull-Kristensen et al. 2006). The clinical 
significance of these signs and symptoms was less marked in the non-case group as measured by 
the functional outcome measures. Quite often the participants were unaware of the lack of function
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noted and/or the signs elicited. The provocative physical examination procedures stressed the 
locomotor system which often resulted in perceived discomfort. Specifically challenging joint range 
of motion at the end ranges often produced previously unreported discomfort and pain. This 
supports the theoretical model of a cumulative, developmental and often sub-ciinical nature to 
these conditions and may be useful in detecting early signs of MSD trouble.
5.11 Exposure to risk factors
The exposure to specific risk factors and conditions that cause or worsen neck shoulder and arm 
pain are well documented but were not explored fully in this study. Risk factor and exposure levels 
are difficult to quantify and were not the primary focus of this study. It was assumed that the 
spending a substantial amount of time at the computer would supply additional physical exposures 
such as sustained postural stress, non neutral neck shoulder and arm postures, increased 
frequency and duration of VDU use and psychosocial exposures such as high job demands, 
perceived high work load and poor locus of control, would adversely affect the musculoskeletal 
system. There were no significant differences between risk factors between the case and non-case 
group excluding perceived ability of the work to adversely affect health.
5.11.1 Individual risk factors
Neck and shoulder conditions are more common with age, peaking around 56-60 age range 
(Jensen e t al. 2002, Leclerc et al. 1999). The average age was 44 with the oldest participant 69. 
Documented reported age was missing in 15 participants. Women report a higher prevalence of 
musculoskeletal pain syndromes than men and consult primary care physicians more often (Jull- 
Kristensen et al. 2004, Jensen et al. 2002). This may have increased the prevalence of reported 
pain and disorders in this particular group by excluding male participants. Obesity is associated 
with reported neck and shoulder pain and carpal tunnel syndrome. The BMI was not calculated for 
this cohort. Pregnancy is a risk factor for carpal tunnel (Walker-Bone et al. 2003). Two of the 
participants reported they were pregnant (second trimester). One was classified as a case and one
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non-case. They had no problem undergoing the assessment protocol. Thyroid conditions have also 
been implicated in the genesis of WRMD’s. Two cases reported thyroid trouble.
5.11.2 Co-existing disease
In this cohort screening for potential co-existing conditions was undertaken. Diabetes, pre-existing 
inflammatory arthritis, fibromyalgia, polymyalgia rheumatica, and generalised osteoarthritis have 
been shown to be associated with the development of WRMD’s (Walker-Bone e t al. 2003). A small 
percentage had potentially co-existing conditions with 6% reporting being diabetic and 6% 
reporting a previous diagnosis of carpal tunnel. This is in line with the reported incidence of carpal 
tunnel in the general population (Walker -Bone et al. 2003).It is unclear whether these cases were 
currently active. No marked aggravation of carpal tunnel symptoms or signs was noted during the 
examinations. These conditions were risk factors that could impact upon the number of positive 
physical examination findings found in this study. As these conditions were self reported the 
possibility exists that pre-existing disease of a higher prevalence may have been present.
5.11.3 Non-occupational factors
The participants (cases) were asked what non work-related factors were associated with their 
condition. Work-related activity was the most commonly reported aggravating factor in 54% of 
cases. However sport (13%), home (11%) and other activities (22%) were also reported as 
aggravating their condition. The degree of non-work-relatedness of the reported symptomatic 
picture would require additional exploration of risk factors and activities. It was assumed that the 
musculoskeletal system is influenced by a combination of work and leisure activities. 
Musculoskeletal disorders are commonly acknowledged to have a non work-related component 
(Larsson e t al. 2007).
5.11.4 Trauma
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A history of previous trauma to the neck and shoulder was queried. Whiplash associated disorders 
are common with .5-1% of chronic neck pain attributable to a road traffic accident (Walker-Bone et 
al. 2003). Additionally up to 20% can remain symptomatic at 12 months. 23 % of cases in this 
study reported their condition being initially caused by an event such as an accident or injury. The 
conditions under investigation were of a chronic recurrent nature and any participants experiencing 
recent trauma or actively under care for musculoskeletal trouble were excluded from the study. The 
impact of previous trauma upon current symptomatic status is unknown.
5.11.5 Psychosocial risk factors
Psychosocial risk factors were not a key element of this study. However the general stress levels 
and perception of the participants of the role of work in their stress levels were assessed. Coping 
ability while not directly assessed was reviewed within the General Health Questionnaire and the 
Yellow Flags Questionnaire. The Yellow Flags Questionnaire demonstrated clinically significant 
scores in the case group (47.4) with the General Health Questionnaire demonstrating similar 
values in both case and non-case group (14, 13.7). This implies a relatively stable psychological 
group that is affected by their current functional state with potential signs of illness behaviour in the 
case group. Fifty-seven percent of the cohort felt stressed by work with 63% of cases and 36% 
(p=.124) of non cases reporting perceived moderate to extreme job stress. Work stress has been 
shown to interact with physical risk factors to increase the likelihood of MSD’s (Devereux et al. 
2002). Evaluation of individual psychosocial components was not undertaken.
Twenty-two percent of cases reported being absent from work as a result of their neck shoulder 
and upper back trouble with 49% reporting they had to reduce their general activity levels as a 
result of their condition. Interestingly only 22% of cases reported reducing their work-related 
activities as a result of their condition. This appears to suggest that the cohort while experiencing 
pain and dysfunction is remaining at work and modifying their work activities.
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Eighty-five percent of cases reported having received some form of treatment for their reported 
condition. These included self care and professional treatment options such as medical, 
physiotherapy, chiropractic and medication. This suggests this group is using an additional 
approach to managing ongoing recurrent musculoskeletal distress while allowing the individual to 
remain at work.
5.12 Data Collection Instrument
5.12.1 Questionnaire
Symptom surveys for screening purposes and/or cross sectional epidemiologic assessment require 
simplicity, acceptability, reliability and validity (Katz 2000). The symptom questionnaire used in this 
study was based primarily upon the Nordic questionnaire (Kuorinka et al. 1987). The Stress MSD 
study (Devereux e t al. 2004) musculoskeletal component questionnaire and the upper extremity 
discomfort questionnaire (Franzblau et al. 1997) were also reviewed in order to inform and develop 
the symptom questionnaire. The case definition was based upon the reply to a specific question 
examining whether reported symptoms were experienced on at least 3 separate episodes, or at 
least 1 episode lasting more than 1 week in the previous 12 months has been assessed for 
reliability. (Franzblau e t al. (1997). The Nordic questionnaire has shown good reliability test retest 
scores and validity in the evaluation of these types of conditions (Palmer e t al. 1999, Baron e t al. 
1996). The Nordic questionnaire having good repeatability and sensitivity is likely to have high 
utility in screening and surveillance. This would however necessitate a further complementary 
examination of adequate specificity in order to establish a clinical diagnosis, which supports the 
aims of this study. The utilisation of components of each questionnaire may have adversely 
affected the reliability and validity of the instruments. Whiie the component parts of the 
questionnaire have demonstrated reasonable reliability in previous studies the reliability of the 
questionnaire as a whole was not assessed.
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While symptom based questionnaires have demonstrated validity in comparison to clinical 
evaluation (Descatha e t al. 2007) the physical examination provides information not available 
through questionnaire and often not related to symptoms (Ohlsson et al. 1994).
The questionnaire was piloted and found to be too extensive. Modifications were made but it 
remained functionally too long and explored issues not totally relevant to the outlined study. These 
included excessive exposure data not directly applicable to the study aims and objectives. These 
areas were eliminated and modified for ease of use and applicability. The areas addressing the low 
back, lower limb, elbow forearm and hand wrist fingers could have been eliminated from the 
questionnaire considering the stated aims and objectives of this study.
Evaluation of basic psychosocial status included in the questionnaire was explored using the 
General Health Questionnaire and Yellow flags questionnaire. The DASH, Neck Disability Index 
and Upper Extremity Questionnaire were specific to this study and provided normative values for 
disorders of the neck shoulder and upper limb. These questionnaires have been used previously in 
the occupational setting. These questionnaires were included to allow comparisons between 
groups regarding the effect of any self reported symptoms on activities of daily living, functional 
capacity and psychosocial risk factors providing a level of validation to the self reported symptom 
data. Other questionnaires may have been more suitable for evaluation of working populations in a 
biopsychosocial context. The recently validated Bournemouth neck questionnaire may have future 
utility in this area (Bolton & Humphries 2004).
5.13 Clinical examination
5.13.1 Test selection
The clinical assessment tests used were medical examination tests and procedures that are 
commonly used in both the clinical setting and in a number of clinical studies evaluating WRMD’s. 
As outlined by Hagberg (2007) the physical examination of WRMD’s should include inspection,
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testing for range of motion, testing for muscle contraction pain and muscle strength, palpation of 
muscle tendons and insertions, bedside neurology and special tests. The tests selected for this 
study addressed the components as summarised by Hagberg (2007) and included specific 
functional testing which included balance assessment, movement patterns and joint palpation. 
These specific tests were selected following a review of the literature in order to address the issue 
of early detection of often sub clinical or unnoticed pain and or dysfunction, and of potential good 
utility for evaluation in the work setting, as they do not require extensive technological support and 
clinical expertise (Liebenson 2007, Siuiter et al. 2001, Janda 1996, Murphy 2000). The individual 
examination tests are described in detail in the appendix with associated criteria for interpretation. 
These tests are specifically selected in order to screen for self reported non-specific MSD’s. They 
are qualitative in nature which contributes to variation in interpretation and application, a common 
source of systematic error.
5.13.2 Reliability
Traditionally reliability is evaluated prior to validity assessment. Potentially useful tests can 
however be excluded due to limited reliability thresholds. Evaluation of test validity may help 
identify useful tests for subsequent evaluation of reliability. As discussed in the literature review 
and methodology section where applicable the selected tests were supported by reliability studies 
in the literature. In addition the criteria for positive findings were often weighted in order to identify 
as much as possible true clinical findings. These criteria are outlined in Appendix D.
The structured examination was performed by the primary researcher JPW an experienced 
registered chiropractor. This implies a level of adequate intra observer reliability but this was not 
evaluated. Katz et al. (1990) has reported that the opinion of an experienced clinician may well be 
an adequate gold standard for WRMD’s. No evaluation of intra or inter observer reliability of the 
tests used was undertaken. As part of the continuing development of a screening evaluation of 
mild to moderate WRMD’s the tests that demonstrate adequate sensitivity, specificity, predictive 
value and likelihood ratios can be further evaluated for repeatability, and reliability. Ail tests
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however are used routinely in the clinical practice of JPW and are well documented procedures 
used in the evaluation of MSD’s in clinical practice (Liebenson 2007, Murphy 2000, and Sahrmann 
2000). The test battery was standardised, practiced and piloted. Several studies incorporating 
medical evaluation of patients have not undergone any assessment of reliability. These include 
Ranney e t al. (1995) Pascarelli & Hsu (2001) and Piligian et al. (2000). The performance of the 
tests and their interpretation may vary in relation to the experience of the practitioner. Assessment 
of intra and inter observer reliability is necessary to evaluate the ability of others to administer the 
protocol. This would be a logical next step in evaluating the selected tests.
Diagnostic testing in clinical practice tends to incorporate a number of tests and relevant history in 
a serial manner to confirm or rule out a clinical syndrome or specific pathological entity. The tests 
evaluated in this study were initially assessed individually in order to determine which tests may be 
appropriate for a focused screening evaluation. Subsequent analysis combined the best 10 tests 
for identifying case status. Combining several tests and or outcome measures will most likely 
improve diagnostic and predictive validity (DeHertough et al. 2007). This would be appropriate for 
future work in this area.
The tests were selected on the basis of their perceived ability to evaluate early signs of 
musculoskeletal dysfunction and or pain syndromes that are pre-diagnostic in nature. It is likely 
that this type of testing is identifying dysfunction at a pre-symptomatic level. The clinical 
significance of these findings and this type of testing will need to be further evaluated, it is unlikely 
that individual tests will provide sufficient information alone to identify self reported cases and/or 
clinically diagnosed syndromes. The utilisation of these tests does provide a simple low tech 
approach to functional assessment that may play a role in the screening/surveillance of these 
conditions and perhaps be a part of a serial testing protocol for the evaluation of working 
populations.
The examination procedure was easy to perform and appeared to be well tolerated by the 
participants. In retrospect too many tests were selected for the initial examination protocol. There 
was considerable overlap in the areas covered by the individual tests. This study did however allow
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the identification of which tests may be useful in the evaluation of neck shoulder complaints in this 
particular cohort. The examination tests relating to other body areas and duplication of tests could 
have been markedly reduced. A couple of tests addressing each domain would most likely have 
been sufficient. Fewer tests used will also minimise the potential number of false positives and 
improve predictive values in future versions of the test protocol. It was necessary to evaluate the 
diagnostic ability of the individual tests in order to achieve a useful selection of tests.
5.13.3 Excluded tests
A number of tests were excluded during the examinations and from the final analysis. These 
included Veles test, side bridge endurance, gait analysis, leg length inequality, cervical syndrome, 
Lewits suboccipital tension test, hyoid mobility and muscle length assessment. Some tests such as 
the lateral bridge were too difficult for most of the participants to perform. Other tests such as 
Vele’s test, muscle length assessment and gait analysis rely on a visual observation only and 
demonstrated too much variation in the observed behaviour to consistently classify findings. 
Waddell’s testing for abnormal illness behaviour did not identify any signs of AIB. Additional 
testing of the low back and lower limb were excluded as they did not contribute to the current aims 
and objectives of the study. The exclusion of these tests did not alter the validity assessment of the 
included tests. It also helped to reduce the number of tests that are potentially clinically useful in 
the work environment. These excluded tests may have utility in other populations and 
environments.
5.14 Frequency of positive examination tests
A large number of tests demonstrated a high prevalence in this population, both cases and non­
cases (Table 25). This may have been related to the scoring criteria used in this study. In order to 
identify early signs of disorders specific criteria for a positive test were outlined (Appendix D). This 
resulted in the identification of a number of positive clinical findings in most participants. More 
stringent classification criteria would reduce the number of positive findings. Postural assessment
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and palpation for tenderness had particularly high prevalence rates in comparison to other studies 
(Andersen et al. 2002, Ranney et al 1995).
It appears that the majority of cases in this study group are experiencing signs of postural 
distortion, muscular imbalance with associated tenderness to palpation of joints and muscles. 
Additionally balance disruption, neurogenic signs and movement pattern alteration are also 
common. The observable patterns correlate well with the theoretical upper crossed syndrome of 
Janda (1996). An important finding is the high prevalence of positive findings in the non-case 
groups in this study and throughout the literature (Walker-bone et al 2004). This implies chronic 
low grade findings that are not diagnostic but may be influencing physical function and contributing 
to symptom reporting. This cohort demonstrated high levels of postural distortion, movement 
pattern abnormalities, balance disruption, weakness of specific postural muscle groups and 
tenderness of both joints and muscles associated with the neck, upper back and shoulder. These 
tests assess different aspects of the same neuromechanical areas and most likely are 
demonstrating altered function of these various components. Optimal function incorporates good 
alignment and posture, good mobility and pain free ranges of motion, appropriate muscle balance 
and neurological integrity. These components are affected in this cohort of female computer users.
Classification criteria for a positive finding may have influenced the high prevalence of positive 
findings in this study. The criteria were rigorous evaluating a large number of abnormal states in 
both observation of structure and functional limitation. The criteria for an abnormal finding (1), and 
abnormal pain producing (2) were grouped together for analysis purposes. Both these factors 
resulted in a higher prevalence of findings than would have been noted if pain producing tests only 
were tabulated. Further evaluation of the data altering the classification criteria may result in 
modification of prevalence levels. Using abnormal and pain producing tests alone would have 
markedly reduced the proportion of positive tests.
The clinical effects of these findings are supported in both the high percentage of reported 
symptoms and significant differences in functional outcome scores between the case and non-case
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groups. Clinical thresholds and reporting characteristics are unknown at this point, it would appear 
that the work-related stressors associated with computer use are negatively influencing 
musculoskeletal function that can be identified by a number of the tests selected.
5.15 Review of Validation criteria
Greenlaugh (1997) in her summary of evaluation of validity of screening and diagnostic tests 
outlines the key issues surrounding the evidence for validation of a test. These areas have been 
addressed in light of the current study.
1) Is this test relevant to my practice? i.e. the utility of the test: The utility of these testing 
procedures would assist the identification of cases of chronic recurrent self reported neck shoulder 
and arm disorders and utilises tests that are easy to perform and require minimal equipment. They 
would not be suitable for strict diagnostic classification but for screening early signs of 
musculoskeletal dysfunction. A good diagnostic test is not necessarily a good screening test.
2) Is there a true gold standard? i.e. develop and justify a combination of criteria used as a gold 
standard. There is currently no true gold standard for these mild to moderate MSD’s. The criteria 
used as a gold standard in this study are self reported commonly used definitions of WRMD’s that 
have been shown to reflect clinically significant MSD’s.
3) Is there an appropriate spectrum of participants? i.e. define the participants. The participants in 
this study consist of a gender specific working cohort with a relatively stable set of work-related risk 
factors.
4) Has work up bias been avoided? This implies that all participants who received the examination 
test also were classified by the gold standard. This was the case in this study.
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5) Has expectation bias been avoided? Expectation bias was minimised as much as possible. The 
questionnaires were completed and blinded to the examining researcher prior to examination. In 
reviewing basic health data in order to exclude contraindications to participation it was difficult not 
to accumulate some knowledge of the participant’s condition. The participants were encouraged 
not to reveal any details regarding their musculoskeletal health status to the examiner.
6) Are the tests reproducible? The reproducibility of the tests used has not been assessed. Where 
the literature has evaluated the reproducibility of tests it was reported. Further evaluation will be 
recommended as future work of the tests considered to demonstrate most validity.
7) What are the features of test? The conditions being screened for are a wide range of 
musculoskeletal syndromes affecting a large percentage of the working population at any one time. 
The tests demonstrate acceptable sensitivity and moderate to poor specificity. However, low 
positive likelihood ratios limit the diagnostic accuracy of the majority of tests. Due to the screening 
application of these tests this is not as crucial as for strict diagnostic classification.
8) Are confidence intervals calculated? Confidence intervals were calculated for the 12 month case 
data. They are included in the results section Appendix F. Due to the relatively small sample size 
the confidence intervals tended to be wider, particularly for specificity values.
9) Are normal ranges for test results outlined? As the results of the tests are dichotomous and give 
a yes/no result normal ranges have not been determined.
10) Are the tests placed in context of other potential tests in the diagnostic sequence? These tests 
were selected in order to identify early signs of WRMD’s and progress the individual to further 
more specific evaluation of individual and occupational risk factors that would inform management 
and prevention strategies. As a component of serial testing, screening and health surveillance 
allows improved identification and early management of these conditions.
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5.16 Theoretical considerations and implications for clinical practice
A theoretical framework which incorporates aspects of the reviewed models and the approach of 
this study was formulated in order to allow integration of the various aspects of evaluation of 
WRMD’s in this particular cohort of working female computer users. See Fig. 12 for theoretical 
model.
The neck, upper back, shoulders and upper limb is an integrated neuromechanical structure that 
can experience dysfunction, pain and pathology at multiple sites affecting a variety of tissues and 
structures. Models for the pathogenesis of these conditions have identified the multifactorial nature 
of these conditions. The interactions of individual factors; physical, mechanical and psychosocial 
within the larger organisational and social factors inherent in the work environment is 
acknowledged (Armstrong et al. 1993, Moray 2000, Sauter & Swanson 1996). This is consistent 
with a biopsychosocial context. Prolonged static postural stress, keyboard and mouse use, work 
organisational factors and psychosocial issues are risk factors in this work environment. Individual 
capacity is a central component of all models of aetiology of these conditions and variability in the 
individual’s ability to adapt and repair in response to ongoing cumulative stressors is an essential 
factor in the ability to cope with occupational and life stressors. Female gender, increasing age, 
fitness, work style, psychology and pre-existing health conditions are individual risk factors in this 
specific cohort. The nature of WRMD’s is progressive with exacerbations and remissions. 
Subsequent injury, pain and symptoms often develop at the end stage of the pathological process.
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Functional pathology or dysfunction, consisting of restriction of joint movement, stiffness, weakness, 
trigger point development, muscle imbalance and in coordination, nerve impingement and entrapment 
are much more common than structural pathology. These changes in conjunction with generalised 
deconditioning and age related progressive degenerative changes within the connective tissues and 
joints contribute to a decreased ability to function and adapt to the environment. WRMD’s can be seen 
as a continuum ranging from optimal function to functional then structural change demonstrated by 
various levels of symptom reporting and clinical change. Various approaches to evaluate the different 
stages of development are listed to the left of Figure 9. These include risk factor assessment, 
ergonomic evaluation, surveillance approaches, screening methods, functional capacity evaluation 
and full clinical assessment.
This study has evaluated a number of screening examination tests in a specific occupational group for 
identifying self reported cases of neck shoulder disorders. Further analysis produced an instrument 
potentially suitable for screening for cases of WRMD’s in conjunction with symptom report 
questionnaires.
Sauter and Swanson (2002) in their model outline the possible interaction of environmental and 
individual factors that manifest as “detect sensation” in the early developmental stages of these 
conditions. Specific physical capacity testing appears to provide additional information on these early 
signs. These can be applied in the surveillance/screening phases targeted towards primarily non­
specific MSD’s.
Public health theory postulates a continuum of prevention at the primary, secondary and tertiary 
levels. (Last 1988) Tertiary prevention deals with reduction of long term impairment and disability 
through diagnosis and appropriate management. Secondary prevention incorporates early detection of 
asymptomatic disease and intervention when the disorder is preventable and/or more easily managed. 
Screening procedures fall within this category. Primary prevention involves the development of
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interventions in order to minimise risk and exposures associated with the disorder. Participatory 
ergonomics process models incorporating: 1) problem identification, 2) problem analysis, 3) solution 
development 4) solution implementation, 5) solution evaluation in an action research model has been 
advocated as a change management model (Rosecrance & Cook 1998). The initial step of any 
ergonomics process model is identification of WRMD’s at an early stage.
The proposed model outlines and integrates the approaches appropriate to the evaluation of work- 
related risk factors, individual capacity, early non-specific dysfunctional states and subsequent 
impairment, disability and overt pathological change. The current study attempted to inform 
approaches to the evaluation of screening for early signs of mild to moderate developing WRMD’s.
Clinical chiropractic practice deals predominantly with musculoskeletal disorders affecting the back 
and neck, shoulder and extremities. All primary health care professions deal with work-related MSD’s. 
However, they are often unaware of the associated work-related risk factors, assessment approaches 
and appropriate management (Weevers et al.2005). The degree of work-relatedness of these 
conditions is often unclear. Appropriate methods for evaluating the work-relatedness of conditions 
found in presenting patients and their exposure to work-related risk factors is required. Additionally 
signs and symptoms of developing disorders could be assessed in a health monitoring context 
combining risk factor assessment, ergonomic evaluation; self reported symptom monitoring and 
limited clinicai examination. Further application for the use of limited clinical evaluation could be 
epidemiologic evaluation of WRMD’s and risk factor evaluation. Continued exploration of the best 
approaches to analytical and descriptive methods of assessment is required. This approach requires 
valid and reliable assessment methods.
The policy review highlighted the limitations of current heath policy in relation to the management of 
work-related MSD’s. The service development project demonstrated an approach to evaluating these 
conditions within clinical practice. See Part 2 of thesis.
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This research project evaluated a number of physical examination tests in order to assess for physical 
impairments and signs of functional disorders which address the tissues commonly affected by 
WRMD’s. A number of the tests demonstrated acceptable levels of validity (sensitivity and PPV’s) 
making them suitable for screening purposes within the work environment.
Dissemination of this model and the specifics of work-related assessment and management protocols 
will further influence clinical practice within the primary health care professions. Current guidelines 
(Breen et al 2006) advocate early effective management of individuals afflicted with these conditions 
and the associated costs in not providing an informed evidence based approach is not acceptable.
This particular group was exposed to low level exposures related to prolonged computer use and its 
associated individual, organisational and social risk factors. Screening for early signs of WRMD’s 
requires sensitive and reliable methods for evaluation of both risk factors and individual health status. 
While symptom surveys and questionnaires play a role in the evaluation and monitoring of these 
conditions physical examination remains essential for clinical assessment. It also requires provocative 
manoeuvres in order to help identify sub clinical and developing problems currently not reported. 
Subsequent serial testing of individuals identified with early signs and symptoms could help clarify the 
level of tissue damage and inform appropriate management strategies. Intervention following a 
biopsychosocial model could incorporate simple strategies such as identification, awareness, re­
assurance and risk factor modification. Marked levels of dysfunction can be assessed for impairment 
and disability with subsequent diagnostic categorisation and multidisciplinary intervention.
An integrated approach to screening and surveillance incorporating biological and psychosocial 
assessment would appear to be the most useful approach to ongoing health monitoring. This could be 
applicable to the large number of individuals involved in office work with computers and VDU’s, 
particularly those at work and not currently reporting WRMD’s. Provision of screening and surveillance 
services could be made by allied health professionals with appropriate training.
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5.17 Review of key limitations of study
5.17.1 Strengths and weaknesses of the study
This study has attempted to evaluate the validity individual clinical findings in relation to self reported 
12 month neck shoulder musculoskeletal trouble. As opposed to evaluating questionnaire data in 
comparison to clinical evaluation, clinical testing was evaluated in relation to self reported 
musculoskeletal trouble. The use of validity assessment as opposed to a correlation/association 
approach allows the evaluation of the discriminative ability of these individual findings in identifying 
potential clinical cases. This may be more appropriate for screening and surveillance purposes. This 
appears to be the first attempt at evaluating physical impairment; as movement pattern and balance 
assessment, in a non clinical working population. The use of a standardised 12 month case definition 
for gold standard, one examiner to improve reliability and a specific cohort of working female computer 
users are positive attributes of this study. The main weaknesses of the study included an overall small 
sample size, sample selection bias, no baseline clinical diagnosis and low non-case sample size.
5.17.2 Sample Selection bias
Convenience sampling was used and resulted in a cohort with a high prevalence of reported 
musculoskeletal trouble and a low number of classified non-cases. Stratification of the sample would 
have allowed recruitment of equal numbers of cases and non-cases. The limited number of non cases 
and high variance limited statistical inference to be made between these two groups. A prospective 
cohort design in which all participants are evaluated with the screening tests and a blind comparison 
of the individual tests to the reference standard representing the definitive or best criteria for the 
condition of interest would be the design of choice (Fritz & Wainner 2001, Altman & Bland 1994). The 
confidence intervals were also adversely affected by the low sample size resulting in a large range.
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The nature of the sample also resulted in a high prevalence of classified cases which affected the 
positive predictive values.
The selection of females only and the nature of this specific cohort do not ailow extrapolation to the 
wider community of video display users, workers with repetitive work tasks and males in particular. 
Similarly the limitation to computer users only limits the applicability to wider occupational environment 
and work groups. These would include labour intensive roles, and occupations under psychosocial 
stress.
5.17.3 Reference standard
Limitations of the reference or gold standard used include the use of self-report only and non-specific 
nature of the classification criteria. The probability of miss-classification is substantial. A blinded 
medical screening including a standard medical history prior to the test battery would have provided a 
more detailed picture of the sample and allowed a comparison to currently used standardised 
diagnostic criteria. The cut off level of 80% for sensitivity and positive predictive values while based 
upon levels used in other studies is an arbitrary threshold that could exclude some tests with 
reasonable validity scores.
The outcome measures selected while applicable to conditions affecting the neck shoulder and upper 
limb may not have been specific enough for this cohort of relatively healthy working computer users. 
This could result in misclassification of participants. Outcome measures specific to working 
populations with mild to moderate disorders need to be developed further. The implications of this 
approach to testing in other occupational groups are unknown.
5.17.4 Expectation bias
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This study was performed in a cohort where a problem was potentially already expected. This may 
have contributed to expectation bias with modification of participant’s health beliefs by prior awareness 
and expectations of the development of disorders. Expectation bias of the examiner may also have 
influenced the perception and identification of mild to moderate physical findings, specifically spinal 
dysfunction. The possibility of classification bias in relation to both the examination tests and the case 
definition could impact the assessment of validity. The presence of symptoms and physical findings in 
the non-case group indicates variation in classification is probable.
5.17.5 Information bias
The questionnaire data was based upon subjective self report. The variability in seif report data limits 
the generalisability of the case definitions and exposure data. Computer users may be more aware of 
neck and shoulder and upper limb symptoms and as a result demonstrate a lower reporting threshold. 
Shared expectations and possibly aspects of illness behaviour may have influenced perception and 
reporting of WRMD’s. Recall bias related to the 12 month symptom report period could also result in 
alterations in classification. Shorter time periods may improve recall. Variations in self reported 
symptom and exposure assessments have also been reported.
5.17.6 Limitations of examination
Tests were selected for their perceived ability to identify early signs of musculoskeletal trouble. 
Individual selection of tests makes applicability to the wider clinical community limited. Consensus 
approaches to clinicai assessment have been found to be useful (Harrington et al. 1998). The 
reliability and validity of some of these particular tests is limited and requires further assessment. 
There may have been bias in the examiners selection and interpretation of the test results. As a 
number of these tests have a qualitative component personal experience may modify test 
interpretation and adversely affect validity. Range of motion in particular was assessed visually for
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substantial restriction and limitation of passive range. This study benefited from an experienced 
examiner. Reliability may be worse with differences in experience and training. The use of one 
examiner while helpful for promoting consistency limits the generalisability of the findings. The results 
may vary with different clinicians and in different populations. There is a high prevalence of physical 
findings in participants which would contribute to appropriate evaluation of reliability in the future. A 
review of medical history prior to examination may bias the following results. A blinded review would 
enhance clinical classification.
The participants were not assessed clinically initially and may have been experiencing specific clinical 
entities that could have been identified. The non-diagnostic nature of a number of the physical 
examination tests also limited the clinical assessment of this cohort. With strict diagnostic or physical 
examination inclusion criteria variation in prevalence and diagnostic categories would arise. 
Additionally only one examination was performed. The findings could certainly change over time with 
repeated assessment depending upon variation in occupational risk factors, exposure and 
development of clinical conditions. The clinical significance of these tests is unknown. It is assumed 
that they are representative of altered musculoskeletal dysfunction and associated pain syndromes. 
The relevance to presenting clinical conditions and reporting within the work environment is unknown.
The presence of a large number of physical findings in the non case group indicates that the control 
group was not free from musculoskeletal trouble. The variation in outcome measure scores however 
appears to support clinical differences between the two groups in this case. This may not be the case 
in other occupational groups and males.
5.18 Ethical issues
The use of physical examination tests in active health surveillance of WRMD’s raises a number of 
ethical issues. As physical examination is considered more invasive than symptom questionnaire a
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quantifiable need for the intervention must be demonstrated. Evidence for improved early 
management of identified conditions must also be available.
A case must be made for the necessity of the information obtained and the potential uses it will be put 
to. Specific issues related to consent of the individual to undergo specific physical testing and the 
potential aggravation of any condition must be considered. Specific contraindications to the use of 
specific stress testing to potentially pathologic structures must be assessed.
The issue of confidentiality of acquired health information in relation to data protection issues and with 
respect to the employer must also be resolved. If information is uncovered regarding a specific 
condition it must be made clear what that information will be used for and whom it will be shared with. 
The individual may not be interested in undergoing care or further evaluation. The ability to withdraw 
consent is appropriate.
The quality of the assessment methods is also an issue. If the reliability and/or validity of the 
procedures are poor then the usefulness of the procedure is limited. The dissemination of false 
positive or false negative results can result in inappropriate investigation and or further treatment in 
association with increased anxiety for the participant and possible adverse reaction to intervention.
Feedback to the examined participants is an important issue. Feedback was provided in this study in 
relation to the positive findings and their potential ramifications. General suggestions regarding further 
investigation and or self management were outlined. The responsibility of following up on any potential 
health issues and the relative responsibilities of the examiner and the examinee are not clear in the 
occupational environment. The approach to handling specific serious positive pathologic findings and 
their dissemination requires clarification. The management of this type of scenario would most likely 
involve the individual, the health care provider and the employer.
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In any surveillance screening programme the issue of participation is relevant. The use of mandatory 
employee participation and relative effectiveness of screening only a portion of the workforce are 
issues that are currently unclear. In this study a number of potential participants declined to 
participate. The reasons were not explored.
The cost benefit issues of self report and self administered approaches as compared to medically 
trained involvement again relates to the effectiveness of the testing protocol. Delegation to less 
experienced practitioners may influence the usefulness of this approach.
The role of early signs versus obvious signs of serious disorders and their management is an issue. In 
conjunction with this the evaluation of symptomatic versus asymptomatic workers is another potential 
ethical issue. It appears obvious that individuals in this study while not reporting musculoskeletal 
trouble have a high prevalence of physical findings on examination. The clinical significance and 
therapeutic options in these cases is often unclear.
5.19 Future work
The selected tests should be assessed for reliability and repeatability in a relevant cohort. A 
prospective evaluation of the scores based on this data is required. Stratification of a larger sample 
with equal numbers of cases and non-cases would be beneficial. Evaluation of a mixed gender sample 
would be appropriate. Exploration of variation of the classification criteria i.e. 1 - dysfunction versus 2 
- dysfunction and pain provocation, assessed separately would alter the sensitivity and specificity 
values and should be evaluated. Evaluating clustering of the key tests and assessing a smaller 
number of key tests to assess the effect on validity values is required. Further standardisation of the 
examination protocol and assessment for both intra and inter rater reliability is required. Evaluation of 
a screening protocol in relation to a full history and clinical assessment would further evaluate the 
construct validity of the screening protocol in identifying true clinicai cases. Qualitative assessment of
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the impact of these mild to moderate conditions on health related quality of life may be appropriate. 
The roie of functional physical examination tests as a component of an active health screening and 
surveillance protocol in a working population should be further evaluated.
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CONCLUSION
SECTION 6
6.0 Conclusion
This study demonstrated a high prevalence of self reported musculoskeletal trouble in the neck 
shoulder (78%) with marked self reported limitations of activities of daily living as measured by the 
Neck Disability Index, the DASH and Upper Extremity Questionnaire. A high prevalence of physical 
signs and positive examination findings were found in this self selected convenience sample of 63 
female computer users.
The clinical examination which included observation, movement patterns, palpation of joints and 
muscles, muscle length and strength testing, orthopaedic stress testing and balance testing generally 
demonstrated high sensitivity (.>80%), low specificity (<50%), high positive predictive values (>80%), 
low negative predictive values (<50%) and low likelihood ratios (<4).
A number of the tests selected appear to have the potential to be used as components of a screening 
examination protocol for the early identification of WRMD’s affecting the neck, shoulder and upper 
limb in working female computer users.
Specifically these tests included palpation of the lower cervical and upper dorsal spine for trigger 
points and joint dysfunction, the upper limb tension test and slump test for signs of nerve irritability, 
shoulder range of motion with overpressure and Apley’s scratch tests for the shoulder, cervical range 
of motion with overpressure, lower trapezius strength, cervicothoracic extension endurance and 
cervical stability testing for the cervicothoracic spine, one leg standing eyes closed and the Fukuda- 
Unterberger test for balance and T4 mobility, shoulder abduction, and the sit to stand test for 
movement pattern assessment. Neck flexion, push up and sitting respiration demonstrated acceptable 
sensitivity levels, but was slightly below the 80% cut-off.
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A diagnostic tool based on counting the number of selected items present diagnosed cases with a 
high sensitivity (92%) and a reasonable specificity (57%) although these levels are probably over­
estimates because the same sample was used to derive and evaluate the tool.
A number of tests demonstrated poor sensitivity and positive predictive values. These tests appeared 
to be related to overt pathology with more marked clinical signs and symptoms required for a positive 
finding. These included the cervical quadrant test, the tests for shoulder impingement; empty can test 
and Neer’s test, Cozen’s wrist extension test for lateral epicondylitis and elbow/forearm range of 
motion generally, the Abduction External Rotation test and signs of hypermobility.
While the findings of this study compare favourably with previous validity studies assessing agreement 
between questionnaire and physical examination of the neck shoulder region (Ohlsson et al. 1994, 
Toomingas et al. 1995) variations in individual tests were apparent. Prevalence levels for neck 
shoulder pain were higher than reported in other studies which may reflect sample characteristics and 
classification criteria. These tests target the mechanical and neurological structures of the neck 
shoulder area and provide additional stress to the involved tissues. They are also low tech, require 
minimal equipment, are easy to administer and well tolerated by participants.
While limitations of sampling and examiner bias limit the generalisability of these findings to larger 
non-specific populations the utilisation of clinical signs in the screening and surveillance of work- 
related neck shoulder and arm disorders may provide additional unreported information. Limited 
clinical examination for early signs of musculoskeletal dysfunction could support symptom reporting 
and lead to earlier assessment and more effective management of developing WRMD’s.
A theoretical framework was proposed integrating existing models of the pathogenesis of WRMD’s 
with the stages and approaches to the evaluation, classification and management of these conditions.
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Traditional diagnostic approaches appear to be limited particularly in relation to the early 
developmental stages of mild to moderate WRMD’s. Screening evaluation as a component of health 
surveillance programs, in order to identify potential cases of WRMD’s, requires valid and reliable 
methods of assessment. Evaluation of functional ability by the selected clinical examination methods 
may provide supplementary methods for the detection of sub clinicai changes in these common and 
chronic conditions.
Further evaluation of methods of assessment and classification of individual characteristics, capacity 
and their interactions within the biopsychosocial work environment is required.
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APPENDIX A
Survey flyer
Are you a computer 
user?
Working at the computer 20 
hours a week or more?
Volunteers with or without pain in the neck, 
shoulder and upper back are needed for a one 
off examination lasting less than 1 hour as part 
of a research project looking at ways to detect 
neck, shoulder and upper back trouble in female 
computer users at an early stage 
Participants will receive a full summary of their 
examination results
For further information please call 01483306722 
or email j.weston@surrey.ac.uk
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APPENDIX B
Survey questionnaire
Study of Musculoskeletal Health and 
Wellbeing at Work
Welcome
Please fill in the questionnaires to the 
best of your ability. If you have any 
questions please ask.
Thank you for taking part in this study. 
I hope you will find it an enjoyable and 
educational experience.
Dr Paul Weston
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Date:
SUBJECT TO COMPLETE
PERSONAL DETAILS -  please print clearly
Surname:............................................................................................................ T itle..................Age:
Forename(s):..........................................................................................Date of B irth................................................
Full Address:.............................................................................................................. ..............................................
................................................................................................................................................. Post Code:.................
Home telephone(incl.code): Work telephone (incl..code):................................
M obile.................................................... em ail.....................................................................................
Marital Status:.......................... (optional)
W eight:................................ Height............................................
Numberand Ages ofChildren:............................................................................................................ (optional)
How did you hear about us? Personal referral, Yellow pages, Walk By, Internet, Talk, Promotion / 
Advert
Occupation:.............................................  Sedentary or A ctiv e? ........................Year in current j o b ..................
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Subject Information sheet
Study of Musculoskeletal Health and Wellbeing at work
Purpose of Research
As part of the Doctorate of Clinical Practice programme at the U of 
Surrey we are evaluating the musculoskeletal status of the working 
population. We are evaluating employee’s health and fitness looking at 
how well your body is functioning. We are attempting to develop a 
system for early detection of musculoskeletal disorders at work. Each 
participant will be asked to undergo a physical examination by Dr Paul 
Weston formerly clinic director at the University of Surrey Chiropractic 
programme to evaluate your musculoskeletal health. The aim will be to 
establish the condition and health of your locomotor system; muscles 
joints and nerves.
Procedure
You will be asked to fill out a number of confidential questionnaires to 
determine your health status in relation to your neck shoulder and arms. 
The physical examination will evaluate any tender or painful areas in 
your trunk, neck and upper limbs. You will be asked to move your joints, 
have your posture assessed and muscle function evaluated. The 
examination requires no invasive tools or procedures. The examination 
should not hurt or cause any undue discomfort. You may feel like you 
have recently exercised following the examination.
You will be given a confidential report of the findings following your 
examination. The examination will last 20-30 minutes.
Benefits
Through your participation in the study you will get a full assessment of 
your musculoskeletal system. If we detect any problem areas we will 
direct you to the appropriate practitioner if required. There may be long 
term benefit to workers through the early detection of potential problems.
Confidentiality
The collected data will be kept in strict confidence where only the 
research team will have access. Your employer will not have access. All 
ethical issues will be considered in the results and no participants will be 
identified in any published work.
If you require additional information concerning the study you may 
contact Dr JP Weston at 01483306722 who is available to answer any
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Complaint Process
You will receive a written summary of your clinical findings and will be 
contacted within 72 hours to insure you have not experienced any 
adverse effects from the examination procedure.
If you have any complaints regarding the procedure or any reactions to 
the examination or study process please contact Dr Weston in the first 
instance at the above number or Dr Sara Faithful, Director Doctorate of 
Clinical Practice Programme 01483 300800 University of Surrey.
Informed consent
if you wish to participate then please read and sign the informed consent 
form attached to this sheet.
Thank you for your cooperation in this project.
questions you m ay have.
Dr JP Weston 
Principle Investigator
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Informed Consent Form
Conditions such as neck shoulder and arm pain and back pain are common conditions 
that affect workers. Dr JP Weston a registered chiropractor and former clinic director of 
the University of Surrey Chiropractic clinic is undertaking this research project as part of 
the University of Surrey Doctorate of Clinical Practice programme. This project is 
designed to evaluate the best way to pick up early signs of developing problems 
/conditions and make the appropriate changes to prevent their development. We are 
looking for volunteers with and without neck pain, shoulder pain and arm pain that 
would volunteer to undergo a series of non-invasive tests and complete a number of 
questionnaires to evaluate your current physical condition. The majority of tests are 
simple movement based tests and palpation for tender spots. A score will be developed 
of your current physical fitness.
Some of the tests are provocative and stress your system. They may result in some 
mild discomfort much like that following exercise.
You will be given a complete report of your test results following the examination 
procedure.
Your test results will be totally confidential and stored in a numerical fashion and will not 
be shared with any other parties including your employer. Any publication of results will 
not include individual details.
You may ask questions regarding any procedure or discuss participation at any time. If 
you have any questions or concerns please contact myself, Dr JP Weston, Principal 
Investigator. This project has been approved by the relevant ethics committee.
You may refuse to continue to participate or withdraw at any time during the procedure 
without prejudice.
If any injury were to occur or relevant health findings are uncovered you will be directed 
to you primary health care provider immediately
I _______________________ consent to participate in the development of a work
related musculoskeletal disorder screening tool study.
Participant_________________
Witness _________________
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History
Have you ever been told by a health professional that you have any of the 
following problems?
Yes No
Diabetes
Rheumatoid arthritis
Low thyroid or overactive thyroid
Chronic renal failure
Gout
Fibromyalgia
Degenerative arthritis
Other systemic illness please describe
Have you ever been told by a health professional that you have any of the 
following problems?
Yes
No
Cervical radiculopathy (pinched nerve in the neck)
Carpal tunnel syndrome
Uinar neuropathy
Tendonitis in the fingers hands wrists forearms or elbows
Tendonitis in the shoulders
Broken bones in the fingers, hands, wrists, forearms or 
elbows
Broken bones in the upper arms or shoulders
Thoracic outlet syndrome
Rotator cuff injury
Ganglion
Muscle strain/sprain in the fingers, hands, wrists, forearms or 
elbows
Muscle strain/sprain in the upper arms or shoulders
Other localised injury or illness (please 
describe)________________________________
Are you related to anyone who has had a nerve and/or muscle disease Yes 
No
Are you taking any medication, including non-prescription please list Yes 
No
Have you had any surgery on your neck, shoulders, arms, wrists, hands or 
fingers?
Yes No
If Yes please describe:_________________________________________
Are you pregnant?
Yes No
Do you have recurrent low back pain?
Yes No
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Neck, Upper Back, Shoulders and Upper Arm Problems
1. Have you had recurring problems with your neck, upper back, shoulders 
and upper arms more than 3 times or lasting more than 1 week in the last 
year? (do not include problems with your elbows, forearms, hands or wrists.) 
Yes No
If you have answered No to this question do not answer the following questions 
and proceed to the next section.
2. If yes please describe the location and type of symptoms you are having by 
marking the responses below, where appropriate. Mark as many responses as 
necessary.
Neck Upper/
mid
back
Right
shoulder
Left
shoulder
Right
upper
arm
Left
upper
arm
Burning
Stiffness
Pain
Cramping
Tightness
Aching
Soreness
Tingling
Numbness
3. Have you had a neck, upper back, shoulder or upper arm problem in the last 
7 days?
Yes No
4. In the last 7 days has neck, upper back, shoulder and upper arm symptoms 
interfered with your usual standard of work?
Strongly agree 
Agree 
Disagree 
Strongly disagree
5. Do you think your problems are associated with- a particular work station or 
work activity?
Yes No
If yes please describe:__________________________________________
Body area Work station or activity
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Neck Mid back
Upper back Right upper arm
Right shoulder Left upper arm
Left shoulder
6. If you are having symptoms in more than one area, please indicate which
area Is worst:
For the rest of this section answer these questions in relation to the worst area.
7. When did you first experience this problem?
Month Year___
8. How often have you had separate episodes of this problem have you had in 
the past year?
Constant Daily
Once/week Once/month
Every 2-3 months Every 6 months
Not applicable
9. How long does each episode usually last?
1 hour or less more than an a week but less than
a month
More than one hour, but less than a day more than a month
More than a day, but less than a week
10. How much discomfort are you feeling in this area right now? Rate your 
discomfort on a scale from 0 (no discomfort) to 10 (worst discomfort 
imaginable).
0 1 2 3 4 5 6 7 8 9  10
11. What is the worst discomfort you have felt in this area over the last 30 
days. Rate your discomfort on a scale from 0 (no discomfort) to 10 (worst 
discomfort imaginable).
0 1 2 3 4 5 6 7 8 9  10
12. Was the problem caused by a particular event such as an accident or 
injury?
Yes No
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13. What do you think brought on this problem with your neck, upper back, 
shoulder or upper arm?
Sporting activity Yes No
Activity at home Yes No
Activity at work please specify____
Other please specify_______
14. Have you ever been absent from work because of neck, upper back, 
shoulder or upper arm trouble
Yes No
15. Has neck, upper back, shoulder or upper arm trouble caused you to reduce 
your activity during the last 12 months?
Yes No
Work activity Yes No
Leisure activity Yes No
16. Have you had any treatment for this problem, either by a professional or 
your self?
if yes please mark which of the following apply
Rest anti-inflammatory medication
ice physical therapy
Surgery chiropractic/osteopathy
Manipulation steroid injection
Other ___
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Elbow Forearm Problems
1. Have you had recurring problems with your elbows or forearms more than 3 
times or lasting more than 1 week in the last year? (do not include problems 
with your neck shoulder or upper arms, hands or wrists.)
Yes No
If you have answered No to this question do not answer the following questions 
and proceed to the next section.
2 . if yes please describe the location and type of symptoms you are having by 
marking the responses below, where appropriate. Mark as many responses as 
necessary.
Right elbow Left elbow Right
forearm
Left forearm
Burning
Stiffness
Pain
Cramping
Tightness
Aching
Soreness
Tingling
Numbness
3. Have you had a elbow and forearm problem in the last 7 days? 
Yes No
4. In the last 7 days my elbow and forearm symptoms have interfered with my 
usual standard of work
Strongly agree 
Agree 
Disagree 
Strongly disagree
5. Do you think your problems are associated with a particular work station or 
work activity?
Yes No
If yes please describe:
Body area work station or
activity
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Right elbow Left forearm
Left elbow Right forearm
6. If you are having symptoms in more than one area, please indicate which
area is worst:
For the rest of this section answer these questions in relation to the worst area.
7. When did you first experience this problem? 
Month______  Year_____
8 . How often have you had separate episodes of this problem have you had in 
the past year?
Constant Daily
Once/week Once/month
Every 2-3 months Every 6 months
Not applicable
9. How long does each episode usually last?
1 hour or less more than an a week but less than
a month
More than one hour, but less than a day more than a month 
More than a day, but less than a week
10. How much discomfort are you feeling in this area right now? Rate your 
discomfort on a scale from 0 (no discomfort) to 10 (worst discomfort 
imaginable).
0 1 2 3 4 5 6 7 8 9  10
11. What is the worst discomfort you have felt in this area over the last 30 days. 
Rate your discomfort on a scale from 0 (no discomfort) to 10 (worst discomfort 
imaginable).
0 1 2 3 4 5 6 7 8 9  10
12. Was the problem caused by a particular event such as an accident or 
injury?
Yes No
13. What do you think brought on this problem with your elbow and forearm?
Sporting activity Yes No 
Activity at home Yes No 
Activity at work please specify_____
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Other please specify
14. Have you ever been absent from work because of elbow and forearm 
trouble?
Yes No
15. Has elbow and forearm trouble caused you to reduce your activity during 
the last 12 months?
Yes No
Work activity Yes No 
Leisure activity Yes No
16. Have you had any treatment for this problem, either by a professional or 
your self?
If yes, please mark which of the following apply.
Rest anti-inflammatory medication
Ice physical therapy
Surgery chiropractic/osteopathy
Other steroid injection
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1. Have you had recurring problems with your hand, wrist or fingers more than 
3 times or lasting more than 1 week in the last year? (do not include 
problems with your elbows, forearms, hands or wrists.)
Yes No
Hands, Wrist and Fingers
2. If yes please describe the location and type of symptoms you are having by 
marking the responses below, where appropriate. Mark as many responses as 
necessary.
Right wrist Left wrist Right
hand
Left Hand Right
fingers
Burning
Stiffness
Pain
Cramping
Tightness
Aching
Soreness
Tingling
Numbness
3. Have you had a hand, wrist or finger problem in the last 7 days 
Yes No
4. In the last 7 days my hand, wrist and finger symptoms have interfered with 
my usual standard of work
Strongly agree 
Agree 
Disagree 
Strongly disagree
5. Do you think your problems are associated with a particular work station or 
work activity?
No
Yes
If yes please describe:
Body area work station or
activity
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Right wrist Left wrist
Right hand Left hand
Right fingers Left fingers
6. If you are having symptoms in more than one area, please indicate which
area is worst:
For the rest of this section answer these questions in relation to the worst 
problem
7. When did you first experience this problem?
Month  Year______
8 . Flow often have you had separate episodes of this problem have you had in 
the past year?
Constant Daily
Once/week Once/month
Every 2-3 months Every 6 months
Not applicable
9. How long dies each episode usually last?
1 hour or less 
a month
More than one hour, but less than a day 
More than a day, but less than a week
10. How much discomfort are you feeling in this area right now? Rate your 
discomfort on a scale from 0 (no discomfort) to 10 (worst discomfort 
imaginable).
0 1 2 3 4 5 6 7 8 9  10
11. What is the worst discomfort you have felt in this area over the last 30 
days. Rate your discomfort on a scale from 0 (no discomfort) to 10 (worst 
discomfort imaginable).
0 1 2 3 4 5 6 7 8 9  10
12. Was the problem caused by a particular event such as an accident or 
injury?
Yes No
13. What do you think brought on this problem with your wrist, hand or fingers?
Sporting activity Yes No
Activity at home Yes No
Activity at work please specify_____
Other please specify _
more than an a week but less than 
more than a month
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14. Have you ever been absent from work because of hand, wrist or finger 
trouble?
Yes No
15. Has hand, wrist or finger trouble caused you to reduce your activity during 
the last 12 months?
Yes No
Work activity Yes No 
Leisure activity Yes No
16. Have you had any treatment for this problem, either by a professional or 
your self?
If yes, please mark which of the following apply
Rest 
Ice
Surgery 
Other
anti-inflammatory medication 
physical therapy 
chiropractic/osteopathy 
steroid injection
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Information about your job
Name:___  Date:
1. How many years have you been doing your present type of work i.e. 
computer and desk work?________________
2. Have you worked at the computer at other jobs? Yes No
3. If yes what is the total length of time you have worked on computers 
elsewhere prior to your current job?________________
4. On average how many hours a week do you work at the desk and 
computer?
a. 0-5 5-10 10-20 20-30 30-40 40+
5. Do you spend time at the computer away from work?
b. If so how many hours/week on average.
6 . Do you rotate or change your duties regularly during the day? yes
no
c. If yes how often
d. Once/hour
e. Every 2 hours
f. Every 2-4 hours
g. Other please specify
7. On average how many breaks do you have each working 
day?_________________
8 . Ignoring your lunch time how long is each of your breaks on 
average?________________
9. Do you adjust the backrest of your seat?
Yes No
10. Do you adjust the foot rest to your seat? 
Yes No
11. Do you adjust the height of your seat? 
Yes No
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12. Do you move your seat to or from the desk?
Yes No
13. Have you had your work station ergonomically assessed?
Yes No
14. Do you feel your work contributes to your health problems?
Yes No
15. Do you feel your employer is concerned about your health and well 
being?
Yes No
16. Do you undertake any specific exercise for your neck shoulder arm or 
posture?
Yes No
If yes please specify
Yoga  pilates  exercise bail  aerobics_
tai chi  other_________
Times/week_____
17. Do you undertake any stress management techniques 
Yes No
Meditation  aerobics  walk counselling yoga_
other ______________
18. In general how do you find your job?
Not at all stressful 
Mildly stressful 
Moderately stressful 
Very stressful 
Extremely stressful
Thank you for your cooperation and help with this study.
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APPENDIX C
Red Flag Questionnaire
DO NOT FILL IN FOR DR ONLY
Triage Classification Checklist
Name:_________________
Date:___________
Spinal cord compression
Do you have any recent onset bladder dysfunction (urinary retention, 
incontinence, increased frequency and/or loss of bowel control_____
Do you experience constant progressive pain with no relief with bed rest
Age <20 >50
Do you have a history of cancer_______ Yes/No___________________________
Do you have Night pain unrelated to movement_____ Yes/No_______________
Do you have Constant pain unrelated to movement Yes/No_______________
Do you have Unexplained weight loss >10 lbs or 4.5 kg Yes/No 
Do you have History o f malaise generalised weakness acutely ill Yes/No
Do you have History of fever or chills abdominal pain blood in the urine/rectal
bleeding urethral discharge______ Yes/No_________________________________
Do you have Bilateral upper extremity pain or neurological dysfunction
 Yes/No__________________________________________________________
Do you have Polyarthralgia______ Yes/No_________________________________
Do you have Dysphagia Yes/No_______________________________________
Do you have Nuchal rigidity, especially in absence of trauma______ Yes/No
Do you have Cranial neurological deficit/CNS symptoms Yes/No________
Pain related to general exertion i.e. climbing stairs Yes/No______________
Symptoms unchanged or progressive despite previous functional management
Yes /No_______________________________________________________________
Remote symptoms with neck pain movement lower extremity______Yes/No
Recent bacterial infection UTI Yes/No__________ ______________________
IV drug abuse Yes/No_____________________________________________
Immunosuppressant chronic steroid use, transplant HIV Yes/No_________
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DO NOT FILL IN FOR DR ONLY
Space O ccupying Lesion
Sudden onset severe headache Yes/No___________________________
Changes mood personality mentation Yes/No_____________________
Dysphagia, dysarthria, vertigo,tinnitus or other bulbar symptoms Yes/No
Emesis______ Yes/No_____________________________________________
Induced by coughing sneezing or bending forward Yes/No________
Seizure Yes/No_____________________________________________
Visual loss Yes/No
Possible fracture
Major trauma RTA, fall from height, blunt trauma Yes/No________________
Minor trauma or even strenuous lifting in older or potentially osteoporotic patient
Yes/No________________________________________________________________
History of prolonged steroid use Yes/No__________________________________
Over 70 Yes/No
Possible nerve root problem
Arm pain>neck pain Yes/No
Pain radiates below elbow Yes/No
Dermatomal numbness and paraesthesia Yes/No
Other
Mechanical /cervical pain
Neck scapular and/or shoulder pain Yes/No________________________
Mechanical cervical pain varies with posture and movement Yes/No______
Other cervical pain neck complaint/headache with no physical signs Yes/No
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DO NOT FILL IN FOR DR ONLY
Risk factors for chronic pain, prolonged recovery
Personal problems -  marital, financial Yes/No
Adversarial medico-legal problems Yes/No
Work stress Yes/No
Pre-existing structural pathology or 
skeletal anomaly directly related to new 
injury or condition
Yes/No
Name:_____
Date:
Triage Examination
Temperature >100 
BP> 160/90
Pulse >100______
Respiration > 25 
Nuchal rigidity 
Blood urine path 
X-ray path/fracture
Nerve Root
Segmental motor paresis_________________________________________________
Dermatomai numbness and paraesthesia__________________________________
Diminished or loss of deep tendon reflex___________________________________
Circumferential menstruation >2 cm difference (consistent with motor or sensory
loss)___________________________________________________________________
Positive nerve tension tests_______________________________________________
Positive compression tests with peripheralisation dermatomai_________________
Mechanical/cervical pain_________________________________________________
Cervical shoulder upper arm pain which varies with different movements or 
positions_______________________________________________________________
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APPENDIX D
Examination Proforma
Examination tests Positive signs
Neck shoulder upper limb
Posture standing
(Murpy 2000 Kendall et a 19931)
Detect alterations in posture
Factors that perpetuate pain, dynamic instability and
dysfunction
Identification of subtle signs of underlying dysfunction
Anterior perspective 
Head tilt slight rotation 
Low shoulder low hip 
Lateral perspective 
Forward head placement 
Head anterior to shoulders 
Cranial rotation 
Anterior shoulders rounded 
Anterior posterior pelvic tilt 
Posterior perspective 
Iliac crest heights
Pelvic obliquity -entire pelvis tilted to one side 
Pelvic distortion-peivis remains level 
Positive test>3 postural distortions
Cervical posture seated 
(Murphy 2000 Kendall et al 1993)
Cervical posture visually assessed anterior .posterior and 
lateral
Slumped posture 
Anterior head carriage 
Rounded shoulders 
Alordotic lumbar spine
Cervical ranqe of motion 
(Petty and Moore 2001)
Movement through flexion, extension, lateral flexion and 
rotation with overpressure
Restriction and or pain provocation
Shoulder depression :Dural adhesions joint capsule
restrictions
Quadrant test cervical soine
(Jull etal 1997 Petty and Moore 2001)
Extension and lateral flexion of the cervical spine with 
downward pressure
Pain numbness or tingling in neck or upper extremity 
Facet capsulitis or foramina encroachment
Hautant’s test
(Murphy 2000)
Subject seated
Both arms stretched forward
Subject closes eyes
Look for deviation of hands after 10 seconds 
Head rotated each direction
Positive test cervical pattern of deviation of hands to one 
side greater with head rotation 
Disturbed equilibrium
Shoulder abduction MP
(Janda 1996)
Assesses efficiency of scapular stabilisation during
movements of the upper extremity
Balance between upper mid and lower trapezeii and the
stabilisation capacity of the serratus anterior
Procedure
Patient seated arm resting on thigh 
Clinician stands behind subject 
Patient instructed to lift arm as far as possible 
Normal pattern
First 30-60 degrees for motion glenohumeral movement 
only
Post 30 scapula rotates acromion moves superiorward, 
superior angle inferior, and inferior angle lateral 
Scapular should remain firmly against body wall
Faulty pattern
Superior angle of scapula moves superior 
Superior angle moves superior and medially 
Scapula raises before shoulder reaches 30-60 degrees 
abduction
Scapular does not rotate
Inferior angle of scapula moves away from body wall
Examination tests Positive signs
T4 active extension MP
(Janda 1996)
Mobility screen
Fail if
Lumbopelvic junction overextends 
Arms do not reach vertical plane 
Thoracic kyphosis remains
I t t
Subject stands with back against wait 
Instruct subject t raise arms overhead
Pain
Indicator of glenohumeral joint restriction, fixed thoracic 
kyphosis
Apley’s scratch Positive test: finqers do not meet
(Magee 1992)
Combines medial rotation with adduction and lateral rotation 
with abduction
Hand should touch behind back
Shoulder ranqe of motion
(Petty and Moore 2001)
Glenohumeral joint active and passively moved through 
flexion, extension abduction adduction, external and internal 
rotation and horizontal adduction with overpressure at end 
range
Assesses joint mobility, holding elements and 
musculotendinous components
Positive te s t: 80% restriction of range of motion, and /or 
pain
Suorasoinatus Errmtv can test
(Magee 1992)
Subjects shoulder abducted to 90 d. media! rotation and 
angled forward 30 d. so that subject’s thumbs point towards 
floor. Resistance to abduction
Weakness and/or pain a positive test 
Indicates supraspinatus muscle or tendon lesion
Neer’s imDinqement siqn
(Magee 1992)
Arm forcibly elevated through forward flexion by examiner 
Jams greater trochanter against anterior inferior border of 
acromion
Pain indicates supraspinatus overuse injury sometimes 
biceps tendon
AER (Roos test, elevated arm stress test)
(Toomingas 1996)
1 minute modified version
subject stands arms abducted to 90 lateral rotation of 
shoulder and flexion of elbow 190elbows slightly behind 
frontal lane
Pen and close hands for 3 minutes 
Toomingas used 1 minute modified version
Ischemic pain, numbness, heaviness weakness, numbness 
and tingling considered a positive test for thoracic outlet 
syndrome
247
Examination tests Positive signs
Elbow ranqe o f motion
(Magee 1992)
Active passive and resisted movements 
With overpressure
Positive test
Restriction and pain positive
Indicates joint, musuculotendonous irritation
Wrist extension Cozens test
(Magee 1992)
Subject makes fist pronates forearm , radially deviates the 
wrist and extends the wrist
Positive test
pain at lateral epicondyle 
Lateral epicondylitis
Wrist hand ranqe of motion
(Magee 1992)
Active passive resisted range of motion 
With overpressure
Restriction with pain positive 
joint or holding element irritation
TMJ range of motion MP
(Murphy Skaggs 2000)
Mandibular movement test 
Subject opens and closes mouth 
Palpation of masseter muscles on opening
Pass/ fail
protrusion of lower mandible on opening phase 
Lateral deviation on opening 
Tenderness of masseter on opening
Hvoid mobility
(Murphy 2000)
Palpation of hyoid mobility 
Free mobility on all directions
Positive test
noticeable restriction of hyoid mobility
Sitting respiration pattern MP
(Murphy 2000)
Subject sitting one hand on chest one on diaphragm 
Instructed to breath normally 
Observe clavicles and lateral rib cage 
Normal pattern
Abdomen protrudes, lower rib cage flares upper ribs rotate 
superiorward
Shoulders and clavicles should remain relaxed 
And motionless
Faulty pattern 
Clavicles rise
Contraction of accessory muscles scalene and SCM 
Reduced movement of abdomen or lower ribs 
Chest expansion prior to diaphragmatic motion
Triqqer points sitting
(Travel and Simmons 1993)
Palpation for tenderness of listed muscles 
Graded on scale of 0-4
Positive test:
marked tenderness graded 2 or greater 
Pain referral
Cevicothoracic upper trapezius, levator scapulae, SCM, 
spienius capitus, scaienii,
Shoulder infraspinatus, supraspinatus, subscapularis, 
deltoid, pectoralis major minor, serratus anterior
Forearm middle finger extensor, ext carpi radialis 
longus, supinators
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Examination tests Positive signs
Joint palpation sittinq
(Bergman 1993)
Tenderness to palpation of posterior joints C0-C7, T1-T8 
Manual Springing of posterior joints 
Graded 0-4
Positive test:
marked tenderness >2 over segment 
Painful and restricted
Upper cervical GO-1,2
Lower cervical C3-7
Dorsal T8 T1-8
Upper limb acromioclavicular, sternocaivicular, 
glenohumeral, radioulnar, humeroulnar,
Sit to stand
(Murphy 2000)
Subject sits on chair or stool,
Observe from side and ask t get up 
Optimal pattern
Patient leads with posterior superior aspect of head
Abnormal pattern
Subject leads with chin
Marked forward flexion
Dominant activity of SCM’s or suboccipitals
Lewit's suboccipital tension screen
(Lewit 1994 Murphy 2000)
Suboccipital muscle tension assessed sitting then standing
Positive test:
marked difference in muscle tone with change in posture
Janda neck flexion MP
(Janda 1996)
Patient lying supine finger midpoint o sternum 
Instructs patient to raise head off table and touch chin to 
point at which finger placed 
Normal pattern
Chin tucks slightly first then head smoothly roils off table 
while cervical spine flexes
Faulty pattern
Chin pokes out at beginning of the movement and remains 
protruded throughout
Finding indicative of hypertonic SCM’s and suboccipitals or 
inhibited deep neck flexors or both
Cervical stabilitv
(Janda 1996 Murphy 2000)
Assesses deep cervical flexors
Patient supine passively preposition head in neural position 
with chin slightly tucked
Clinician tells patient will let go of head and that the subject 
should hold the head in the exact position. Clinician lets go 
of head and observes how el position maintained for 10 
seconds 
Normal pattern
Head position maintained without excessive shaking
Faulty pattern 
Chin pokes out 
Heads shakes excessively 
Entire cervical spine flexes 
Head drops into extension
Indicates inhibition of deep cervical flexors or hypertonicity 
of SCM’s or both.
Presence of shaking suggests transformation of type 1 to 
type fibres 2 in deep cervical flexors
Upper LimbTensionTest
(Murphy 2000 Petty and Moore 2001)
Brachial plexus tension test
Differentiates local arm conditions and brachial plexus 
neural conditions with pain referral into the arm using 
stepwise manoeuvres that increase tension on neural 
tissues
Subject supine 
Shoulder abduction 
Shoulder external rotation 
Shoulder girdle depression 
Forearm supination 
Wrist finger extension 
Elbow extension
Neck lateral flexion to contralateral side
Positive test:
Reproduction of symptoms or loss of extensibility
Examination tests Positive signs
Supine respiration
(Liebenson 1996)
Same procedure as sitting respiration
Positive test: Faulty pattern 
Clavicles rise
Contraction of accessory muscles scalene and SCM
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Generally considered easier to breath in supine position 
Indicative of well established faulty movement pattern
Reduced movement of abdomen or lower ribs 
Chest expansion prior to diaphragmatic motion
Cervicothoracic extension
(Saunders 1995)
Subject prone arms extended lift and maintain test position 
for 30 seconds
Assesses shoulder girdle and scapular stabiliser strength 
and flexibility
Positive test:
arms drop or deviate< 30 seconds 
Pain on test
Prone scapular abduction
(Saunders 1995)
Assesses scapular stabilisers
Subject instructed to squeeze shoulder blades together and 
resist downward pressure on shoulders
Positive test:
inability or marked weakness 4 or less scapular abduction 
graded 0-5
Lower trapezius strength 
(Kendall et al 1993)
Subject prone arms extended thumbs up 
Subject resists downward pressure on elbows
Graded 0-5 
Positive test:
marked weakness 4 or less
Push u p  MP
(Janda 1996)
Functional ability of scapular stabilisers 
Procedure
Subject prone push up position 
Push up 
Normal pattern 
Smooth movement
Scapula moving laterally as pattern carried out 
Scapulae maintained against body wail
Faulty pattern
Winging inferior angle of scapulae 
Elevation of shoulders 
Medical rotation of scapula
Prone joint palpation 
(Bergman 1993 Murphy 2000)
Palpation for joint signs: tenderness to palpation, loss of 
joint play on springing, asymmetry
Positive test: loss of joint play, tenderness to palpation, 
asymmetry
Upper cervical CO-3
Lower cervical first rib C3-C7
Upper dorsal T1-8
Lower dorsal T8-12
Cervical svndrome
(Thompson Bergman 1993)
Subject prone position rotates head to left and right 
Indicator of possible cervical spine and tonic neck reflex 
dysfunctions
Positive test:
alters apparent leg length inequality
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Examination tests Positive signs
Vele's test
Murphy 2000 
Postural foot reaction
Assesses automatic reaction of intrinsic foot muscles to 
postural stress
Maybe reflective of abnormal postural stability 
Subject looking straight ahead 
Lean forward so body weight shifts to forefoot 
Normal
Immediate reaction of intrinsic foot muscles toes flex at 
interphalangeal joints
Abnormal
Flexion of proximal IP joints with extension of distai IP joints 
hammer toe
No reaction falling forward
1 ieqqed stance eves closed 
Murphy 2000
Subject asked to stand on one leg eyes closed for at least 
20 seconds
Positive test:
either hand reaches for support 
Foot is put down
Fail if stance foot hops or twists on floor
1 Ieqqed stance eves open
Murphy 2000
Subject asked to stand on one leg eyes open 
Raise arms above head
Fail
if foot is put down 
20 seconds minimum
Fukuda Unterberqer
Murphy 2000
Assesses functional integrity of tonic neck reflexes and 
locomotor system afferent processing 
General kinaesthetic awareness 
Procedure
Standing eyes closed arms outstretched parallel to floor 
Subject instructed to step alternately as if marching raising 
the knees to 45 degrees at a moderate pace for 
approximately 50 steps 
Normal finding
Rotation of no more than 30 degrees each side
Abnormal pattern
Rotation in either direction of greater than 30 degrees 
Indicative of faulty tonic neck reflex or deficit in general 
kinaesthetic awareness or both
Hvper mobility generalised
Liebenson 2007
Indicator of generalised joint mobility
Hyperextension of elbows 
Hyperextension of thumbs 
Hyperextension of knees 
Hands flat on floor forward bending
Slump test
Butler 1993_Petty and Moore 2001 
Test for adverse neurodynamic tension 
Subject seated 
Palms behind buttocks 
Instructed to vertically slump 
Head flexion 
Extend knees
Positive test:
Discomfort, nerve tension, exacerbated and location
Muscle length cervical spine 
Murphy 2000
Length assessment of cervical muscles 
Indicative of hypertonic or shortened musculature
Positive test:
marked shortening or hypertonicity of assessed muscle
Muscle length dorsal spine 
Murphy 2000
Length assessment of upper thoracic muscles 
Indicative of hypertonic or shortened musculature
Positive te s t:
marked shortening or hypertonicity of assessed muscle
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Lumbar lower limb tests Positive test
Lumbar ROM
Magee 1992
Active passive range of motion assessment with 
overpressure at end ranges
Restriction and or pain a positive test
Quadrant test lumbar spine
Liebenson 1996
Extension and lateral flexion of lumbar spine
Pain and or restriction of range of motion
Sauat test MP
Liebenson 1996
Stand feet hip width apart
Arms straight ahead
Squat down until thighs are parallel
Fail
Inability to perform
Decease depth of squat 
Subtalar hyperpronation 
Knee valgus 
Lumbar flexion 
Lumbar hyperextension
1 leqqed sauat
Lliebenson 1996
Stand one leg support arm
Subject squat one leg as far as possible
Fail
Inability to perform 
Decease depth of squat 
Subtalar hyperpronation 
Knee valgus
Knee flexion beyond line of toes
Pelvic motion palpation
Murphy 2000
Motion palpation of the sacroiliac joints gillet 
Overtake phenomenon 
pelvic distortion
PSIS palpated standing then in subject flexes forward
Lower PSIS becomes higher indicates pelvic distortion 
secondary to cervical spine dysfunction
Pelvic distortion
(Murphy 2000)
Hands laced on iliac crests form behind 
inequality
Hands gradually moved to midline
If hands meet in midline ilia aligned pelvic obliquity 
If hands do not meet in midline positive test 
Pelvic distortion
Modified Thomas test
(Liebenson 1996)
Patient supine passive hip flexion to approximately 125
degrees hip flexion
Extended leg should remain on table
Hip or knee flexion indicates hypertonicity of hip flexors, 
rectus femoris, psoas, TFL,
SLR
(Magee 1992)
Hamstring flexibility test 
Integrity of hip joint
Length or tension of hamstring muscle group 
Nerve tension sciatic nerve
Restriction < 70 degrees
Bilateral SLR (Milqrams test)
(Magee 1992)
Supine position
Subject instructed to lift both legs straight approximately 20 
cm
Lumbosacral pain and or excessive increased lumbar 
lordosis
Indicative of lumbosacral joint irritation
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Examination tests Positive signs
Internal hio rotation suoine
(Magee 1992)
Supine position 
Knee flexed
Internal hip rotation 40-45
Pain and or restriction
Indicator of hip joint dysfunction, capsulitis, degenerative 
change
Fabere Patrick
(Magee 1992)
Knee flexion/hip external rotation with overpressure 
Indicator of hip joint dysfunction and or sacroiliac joint 
irritation
Pain and or restriction
Trunk curl MP
(Liebenson1996)
Abdominal strength
Curl up knees bent unsupported
Heels remain on table
Maintain test position for 10 seconds
Janda
Positive test heels rise -  
psoas substitution
Hio abduction MP
(Janda 1996 Murphy 2000)
Movement pattern lateral recumbent position 
Subject instructed to lift leg towards ceiling 
Normal pattern leg abducts directly toward ceiling
Positive test:
leg restricted abduction: deviation and or rotation of lower 
limb
Silverstolpes test
(Murphy 2000)
Role of dysfunction of pelvis
Sign of mechanical pelvic dysfunction related to abnormal 
cervical spine function 
Procedure 
Subject lying prone
Tips of fingers placed on erector spinae muscles area 
between T5-T11
Clinician plucks muscle fibres and observes for reaction 
Normal finding
Normal tension and lack of tenderness 
In thoracic E. spinae muscles 
No reflex activation
Abnormal finding 
Tension tenderness E spinae
Reflex activation of thoracic E spinae, posterior cervical an
ipsilateral hamstring muscles
Sacrotuberous and pelvic diaphragm dysfunction
HiD extension MP
(Janda 1996 Murphy 2000)
Implications for cervical spine 
Gait mechanism 
Procedure
Subject prone feet off end of table 
Palpation of glut max lightly 
Subject instructed to lift one leg into extension 
Normal pattern
Smooth movement with early and strong contraction of glut 
max
Should be virtually no movement of lumbar spine and non 
contraction of cervical muscles
Faulty pattern
Late or incomplete contraction of glut max 
Lateral or rotational movement of lumbar spine 
Hyperlordosis of lumbar sine
Activation of cervical e spinae upper tap, rhomboid levator 
scapulae indicative of hypertonicity
Internal hio rotation prone
(Magee 1992)
Hip ROM
Prone position leg flexed 
Internal externa! hip rotation
41-45 internal rotation 
41-43 external rotation 
Pain and or restriction
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Examination tests Positive signs
Sorenson’s test
(Liebenson 2007 Saunders 1995) 
Static back endurance test 
Subject prone 
Legs held ankles fixed 
Patient hold horizontal position 
Modified 60 second hold
Less than 60 seconds dysfunctional
Joint palpation prone position
(Bergman 1993)
Tenderness to palpation of posterior joints 
Manual Springing of posterior joints 
Tenderness of erector spinae
Positive test: marked tenderness >2 over segment 
Painful and restricted 
Loss of joint play 
Marked tenderness
Lower dorsal
Lumbar
SI joints
Apparent Lea lenath ineaualitv
(Bergman 1993 Thompson)
Leg length assessed in prone position, full extension and 
flexion to 90 degrees
Indicator of general postural muscle imbalance
Marked difference in leg length extended and flexed position
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APPENDIX E
Outcome Measures
A = ACHE B = BURNING N = NUMBNESS
P = PINS & NEEDLES S = STABBING O = OTHER
OVER PLEASE = >
Please Read: This questionnaire is designed to enable us to understand how much your neck pain has affected your 
ability to manage everyday activities. Please answer each Section by circling the ONE CHOICE that most applies to you. 
We realize that you may feel that more than one statement may relate to you, but Please just circle the one choice 
which closely describes your problem right now.
SECTION 1—Pain Intensity
A. I have no pain at the moment
B. The pain is mild at the moment.
C. The pain comes and goes and is moderate.
D. The pain is moderate and does not vary much.
E. The pain is severe but comes and goes.
F. The pain is severe and does not vary much.
SECTION 6 — Concentration
A. I can concentrate fully when I want to with no difficulty.
B. I can concentrate fully when I want to with slight difficulty.
C. I have a fair degree o f difficulty in concentrating when I 
want to.
D. I have a lot o f difficulty in concentrating when I want to.
E. I have a great deal o f difficulty in concentrating when I want 
to.
F. I cannot concentrate at all.SECTION 2—Personal Care (Washing, Dressing etc.)
A. I can look after m yself without causing extra pain.
B. I can look after m yself normally but it causes extra pain.
C. It is painful to look after m yself and I am slow and careful.
D. I need some help, but manage most o f my personal care.
E. I need help every day in most aspects o f self-care.
F. 1 do not get dressed, I wash with difficulty and stay in bed.
SECTION 7-Work
A. I can do as much work as I want to.
B. I can only do my usual work, but no more.
C. I can do most o f my usual work, but no more.
D. I cannot do my usual work.
E. I can hardly do any work at all.
F. I cannot do any work at all.SECTION 3-Lifting
A. I can lift heavy weights without extra pain.
B. I can lift heavy weights, but it causes extra pain.
C. Pain prevents me from lifting heavy weights o ff the floor but 
I can if they are conveniently positioned, for example on a 
table.
D. Pain prevents me from lifting heavy weights, but I can 
manage light to medium weights if  they are conveniently 
positioned.
E. I can lift very light weights.
F. I cannot lift or carry anything at all.
SECTION 8-Driving j
A. I can drive my car without neck pain.
B. I can drive my car as long as I want with slight pain in my 
neck.
C. I can drive my car as long as I want with moderate pain in 
my neck.
D. I cannot drive my car as long as I want because of moderate 
pain in my neck.
E. 1 can hardly drive my car at all because o f severe pain in my 
neck.
F. I cannot drive my car at all.SECTION 4 -Reading
A. I can read as much as I want to with no pain in my neck.
B. I can read as much as I want with slight pain in my neck.
C. I can read as much as I want with moderate pain in my neck.
D. I cannot read as much as I want because o f moderate pain in 
my neck.
E. I cannot read as much as 1 want because o f severe pain in my 
neck.
F. I cannot read at all.
SECTION 9—Sleeping
A. I have no trouble sleeping
B. My sleep is slightly disturbed (less than 1 hour sleepless).
C. My sleep is mildly disturbed (1-2 hours sleepless).
D. My sleep is moderately disturbed (2-3 hours sleepless).
E. My sleep is greatly disturbed (3-5 hours sleepless).
F. My sleep is completely disturbed (5-7 hours sleepless).
SECTION 5-Headache
A. I have no headaches at all.
B. I have slight headaches which come infrequently.
C. I have moderate headaches which come in-frequently.
D. 1 have moderate headaches which come frequently.
E. I have severe headaches which come frequently.
F. I have headaches almost all the time.
SECTION 10—Recreation
A. I am able engage in all recreational activities with no pain in 
my neck at all.
B. I am able engage in all recreational activities with some pain 
in my neck.
C. I am able engage in most, but not all recreational activities 
because o f pain in my neck.
D. I am able engage in a few o f my usual recreational activities 
because .of pain in my neck.
E. I can hardly do any recreational activities because o f pain in 
my neck.
F. I cannot do any recreational activities all all.
s i g n a t u r e : d a t e :
© V ernon H and H agino C , 1991
(w ith perm ission from  Fairbank J)
DISABILITY INDEX SCORE: %
Neck Disability Index
INSTRUCTIONS
This questionnaire asks about your 
symptoms as well as your ability to 
perform certain activities.
Please answer every question, based 
on your condition in the last week, 
by circling the appropriate number.
If you did not have the opportunity 
to perform an activity in the past 
week, please make your best estimate  
on which response would be the most 
accurate.
It doesn't matter which hand or arm 
you use to perform the activity; please 
answer based on your ability regardless 
of how you perform the task.
D i s a b i l i t i e s  o f  t h e  A r m , S h o u l d e r  a n d  H a n d
lease  ra te  y o u r  ability  to  d o  th e  fo llo w in g  activ ities in th e  last w e e k  by circling th e  n u m b e r  b e lo w  th e  a p p ro p ria te  response .
NO
DIFFICULTY
MILD
DIFFICULTY
MODERATE SEVERE 
DIFFICULTY DIFFICULTY UNABLE
1. O p e n  a  t ig h t o r  n e w  jar. 1 2 3 4 5
2. W rite . 1 2 3 4 5
3. Turn a  key. 1 2 3 4 5
4. P re p are  a  m eal. 1 2
' Y" s x' V '
3 4 5
5. Push o p e n  a  h eav y  door. 1 2 3 4 5
6. P lace an  o b je c t o n  a  she lf a b o v e  y o u r  h ead . 1 2 3 4 5
7. D o h eav y  h o u se h o ld  ch o res (e .g ., w ash  w alls, w ash  floors). 1 2 3 4 5
8. G ard en  o r  d o  yard  w o rk . 1 2 3 4 5
9. M a k e  a  b ed . 1 2 3 4 5
0. C arry  a  sh o p p in g  b a g  o r  b riefcase . 1 2 3 4 5
1. C arry  a  h e a v y  o b je c t (o v e r 1 0  lbs). 1 2 3 4 5
2. C h a n g e  a  lig h tb u lb  o v e rh e a d . 1 2 3 4 5
3. W ash  o r  b low  dry  y o u r  hair. 1 2 3 4 5
14. W ash  y o u r  back . 1 2 3 4 5
15. P u t o n  a  p u llover sw ea te r . 1 2 3 4 5
16. U se a  knife to  c u t  fo o d . 1 2 3 4 5
17. R ecrea tional activ ities w h ich  requ ire  little e ffo rt
(e .g ., c a rd p lay in g , kn itting , e tc .) . 1 2 3 4 5
18. R ecrea tio n a l ac tiv ities in w h ich  y o u  ta k e  so m e  fo rce
o r im p a c t th ro u g h  y o u r  arm , sh o u ld e r  o r  h an d
(e .g ., golf, h a m m e rin g , ten n is , e tc .) . 1 2 3 4 5
19. R ecrea tional activ ities in w h ich  yo u  m o v e  y o u r
arm  free ly  (e .g ., p lay in g  frisbee , b ad m in to n , e tc .) . 1 2 3 4 5
2 0 . M a n a g e  tr a n sp o r ta tio n  n e e d s
(g e ttin g  from  o n e  p lace  to  a n o th e r ) . 1 2 3 4 5
2 1 . Sexual activ ities. 1 2 3 4 5
D i s a b i l i t i e s  o f  t h e  A r m , S h o u l d e r  a n d  H a n d
WORK MODULE (OPTIONAL)
T h e  fo llo w in g  q u e s tio n s  ask  a b o u t  th e  im p ac t o f y o u r  arm , sh o u ld e r  o r h a n d  p rob lem  on  y o u r ability  to  w o rk  (including h o m em ak in g  
if th a t  is y o u r  m ain  w o rk  role).
P lease  in d ica te  w h a t  y o u r  jo b /w o rk  is:_______________________________________________________________________________________________ _ _
□  I d o  n o t  w o rk . (You m ay  skip th is sec tion .)
P lease  circle th e  n u m b e r  th a t  b e s t describ es y o u r  physical ability  in th e  p a s t w eek . Did you  h av e  an y  difficulty:
NO
DIFFICULTY
MILD
DIFFICULTY
MODERATE
DIFFICULTY
SEVERE
DIFFICULTY UNABLE
1. u sin g  y o u r  u sual te c h n iq u e  fo r  y o u r  w o rk ? 1 2 3 4 5
2. d o in g  y o u r  u sua l w o rk  b e c a u se  o f arm ,
sh o u ld e r  o r  h a n d  p a in ? 1 2 3 4 5
3. d o in g  y o u r  w o rk  as w ell as yo u  w o u ld  like? 1 2 3 4 5
4. sp e n d in g  y o u r  usual a m o u n t o f tim e  d o in g  y o u r  w o rk ? 1 2 3 4 5
SPORTS/PERFORMING ARTS MODULE (OPTIONAL)
T h e  fo llo w in g  q u e s tio n s  re la te  to  th e  im p ac t o f y o u r  a rm , sh o u ld e r  o r h a n d  p rob lem  o n  p lay ing  your musical instrument or sport or 
both.
If you  play m o re  th a n  o n e  sp o r t o r in s tru m e n t (o r p lay  b o th ) , p lease  a n sw e r  w ith  re sp ec t to  th a t  activ ity  w hich  is m o st im p o rta n t to  
y o u .
P lease  in d ica te  th e  sp o r t o r  in s tru m e n t w h ich  is m o s t im p o rta n t to  y o u :_______________________________________________________________
□  I d o  n o t  p lay  a  sp o r t o r  an  in s tru m e n t. (You m ay  skip th is sec tion .)
P lease circle th e  n u m b e r  th a t  b e s t describ es y o u r  physical ability in th e  p a s t w eek . Did you  h av e  an y  difficulty:
NO
DIFFICULTY
MILD
DIFFICULTY
MODERATE
DIFFICULTY
SEVERE
DIFFICULTY UNABLE
1. u sin g  y o u r  usual te c h n iq u e  fo r  p lay ing  y o u r 
in s tru m e n t o r  sp o rt? 1 2 3 4 5
2. p lay in g  y o u r  m usical in s tru m e n t o r sp o r t b e c a u se  
o f  arm , sh o u ld e r  o r  h a n d  p a in ? 1 2 3 4 5
3. p lay ing  y o u r  m usical in s tru m e n t o r sp o r t 
as w ell as yo u  w o u ld  like? 1 2 3 4 5
4. sp e n d in g  y o u r  u sual a m o u n t o f  tim e 
p rac tis in g  o r p lay ing  y o u r  in s tru m e n t o r  sp o r t? 1 2 3 4 5
SC O R IN G  THE O PTIO N A L M O DULES: A dd  u p  ass ig n ed  v a lu es fo r  e ach  resp o n se ; d iv ide by 
4  (n u m b e r  o f item s); su b tra c t  1; m ultip ly  by  2 5 . jM K i ik
An o p tio n a l m o d u le  sc o re  m ay  n o t  b e  c a lc u la te d  if th e re  a re  an y  m iss in g  item s.
JNsffn*? « iiio* *5 kSUR U i tLASfVsr:
©IWH & AAOS & COMSS 1997
D i s a b i l i t i e s  o f  t h e  A r m , S h o u l d e r  a n d  H a n d
NOT AT ALL SLIGHTLY MODERATELY QUITE A BIT EXTREMELY
:2. D uring  th e  p a s t w e e k , t o  w h a t  e x t e n t  h as y o u r  arm , 
sh o u ld e r  o r  h a n d  p ro b lem  in te rfe red  w ith  y o u r  norm al 
social activ ities w ith  family, friends , n e ig h b o u rs  o r  g ro u p s?  
( c i r c l e  n u m b e r ) 1 2 3 4 5
NOT LIMITED 
AT ALL
SLIGHTLY
LIMITED
MODERATELY
LIMITED
VERY
LIMITED UNABLE
!3. D uring  th e  p a s t w e e k , w e re  yo u  lim ited in y o u r  w ork  
o r  o th e r  reg u la r  daily  activ ities as a  resu lt o f y o u r  arm , 
sh o u ld e r  o r  h a n d  p ro b lem ?  ( c i r c l e  n u m b e r ) 1 2 3 4 5
l e a s e  ra te  th e  severity  o f  th e  fo llow ing  sy m p to m s in th e  last w e e k , ( c i r c l e  n u m b e r )
NONE MILD MODERATE SEVERE EXTREME
14. A rm , sh o u ld e r  o r  h a n d  pain . 1 2 3 4 5
15. A rm , sh o u ld e r  o r  h a n d  pain  w h e n  you  
p e rfo rm e d  a n y  specific activity. 1 2 3 4 5
26. T ingling  (p ins a n d  n eed les ) in y o u r  arm , sh o u ld e r  o r h an d . 1 2 3 4 5
27. W e a k n e ss  in y o u r  a rm , sh o u ld e r  o r  h an d . 1 2 3 4 5
28 Stiffness in y o u r a rm , sh o u ld e r  o r  h an d . 1 2 3 4 5
NO
DIFFICULTY
MILD
DIFFICULTY
MODERATE
DIFFICULTY
SEVERE
DIFFICULTY
SO MUCH 
DIFFICULTY 
THAT I 
CAN T SLEEP
29. D uring  th e  p a s t w e e k , h o w  m u ch  difficulty h av e  you  had  
sle ep in g  b e c a u se  o f  th e  pain  in y o u r  arm , sh o u ld e r  o r h a n d ?
( c i r c l e  n u m b e r )  1 2 3 4 5
STRONGLY
DISAGREE DISAGREE
NEITHER AGREE 
NOR DISAGREE AGREE
STRONGLY
AGREE
30. I feel less cap ab le , less c o n f id e n t o r less useful 
b e c a u s e  o f m y arm , sh o u ld e r  o r  h a n d  p rob lem . 
( c i r c l e  n u m b e r ) 1 2 3 4 5
DASH DISABILITY/SYMPTOM SCORE =  [(su m  o f  n r e s p o n s e s ) - 1] x 2 5 , w here n is equal to  th e  n u m b er o f com pleted  responses.
n
A DASH score may not be calculated if there are greater than 3 missing items.
QUADRUPLE VISUAL ANALOGUE SCALE
Patient Name Date
Please read carefully:
Instructions: Please circle the number that best describes the question being asked.
Note: If you have more than one complaint, please answer each question for each individual complaint and indicate the score for each 
complaint. Please indicate your pain level right now, average pain, and pain at its best and worst.
Example:
Headache Neck Low Back
No pain
0 1 ( j )  3 4 ( j )  6 7 ( j f )  9 10
worst possible pain
1 -  What is your pain RIGHT NOW?
No pain
0 1 2 3 4 5 6 7 8 9  10
worst possible pain
2 -  What is your TYPICAL or AVERAGE pain?
No pain
0 1 2 3 4 5 6 7 8 9  10
worst possible pain
3 -  What is your pain level AT ITS BEST (How close to “0” does your pain get at its best)?
No pain
0 1 2 3 4 5 6 7 8 9  10
worst possible pain
4 -  What is your pain level AT ITS WORST (How close to “10” does your pain get at its worst)?
No pain
0 1 2 3 4 5 6 7 8. 9 10
worst possible pain
OTHER COMMENTS:
Examiner
Reprinted from Spine, 18, Von Korff M, Deyo RA, Cherkin D, Barlow SF, Back pain in primary care: Outcomes at 1 year, 855-862,1993, with permission from Elsevier 
Science.
Quadruple Visual Analogue Scale
Upper extremity function questionnaire 
Upper Extremity Function Scale Questionnaire
Please indicate which of the following things you have difficulty doing because 
of your symptoms.
Circle the number that indicates how much difficulty you have with each activity
No problem Major
problem
1.Sleeping 0 1 2 3 4 5 6 7 8 9 10
2. Writing 0 1 2 3 4 5 6 7 8 9 10
3.opening jars 0 1 2 3 4 5 6 7 8 9 10
4. picking up 
small objects 
with fingers
0 1 2 3 4 5 6 7 8 9 10
5. driving a car 
more than 30 
minutes
0 1 2 3 4 5 6 7 8 9 10
6. Opening a 
door
0 1 2 3 4 5 6 7 8 9 10
7. Carrying 
milk jug from 
refrigerator
0 1 2 3 4 5 6 7 8 9 10
8. Washing 
dishes
0 1 2 3 4 5 6 7 8 9 10
Subject Name: 
Date:
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Yellow  flags questionnaire
Core Yellow flags: Primary complaint: Neck /upper 
back/shoulder /arm
1. Please indicate your usual level o f pain during the last week:
No pain worst
possible pain
0 1 2 3 4 5 6 7 8 9
10
2. Does pain, numbness, tingling or weakness extend into your arm or upper 
back from the neck?
None o f the time all
the time
0 1 2 3 4 5 6 7 8 9
10
3. How would you rate your general health?
Poor
excellent
0 1 2 3 4 5 6 7 8 9
10
4. I f  you had to spend the rest o f your life with your condition as it is right now 
how would you feel about it?
Delighted
terrible
0 1 2 3 4 5 6 7 8 9
10
5. How anxious ( eg. Tense, uptight, irritable, fearful, difficulty in 
concentrating/relaxing) you have been feeling during the last week
Not at all extremely
anxious
0 1 2 3 4 5 6 7 8 9
10
6. How much have you been able to control ( ie. Reduce/ help) your 
pain/complaint/problem on your own during the last week?
I can reduce it I can’t
reduce it at all
0 1 2 3 4 5 6 7 8 9
10
7. Please indicate how depressed ( eg. Down in the dumps, sad, downhearted, in 
low spirits, pessimistic, feelings o f hopelessness) you have been feeling in the 
past week.
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Not depressed at all 
depressed
0 1 2 
10
extremely 
8 9
8. On a scale o f 0-10 how certain are you that you will be doing normal 
activities or working in 6 months?
Very certain not certain at
all
0 1 2 3 4 5 6 7 8 9
10
9 .1 can do light work for an hour 
Completely agree 
disagree
0 1 2  3
10
1 0 .1 can sleep at night 
Completely agree 
disagree
0 1 2  3
10
completely 
8 9
completely 
8 9
11. An increase in pain is an indication that I should stop what I am doing 
until the pain decreases
Completely agree completely
disagree
0 1 2 3 4 5 6 7 8 9
10
12. Physical activity makes my pain worse
Completely agree
disagree
0 1 2 3 4 5
10
completely 
8 9
13.1 should not do m y normal activities including work with m y present 
pain
Completely agree completely
disagree
0 1 2 3 4 5 6 7 8 9
10
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G enera l H ealth Q uestionn ia re
General Health Questionnaire 
Name:______  Date:
We would like to know how your health has been in general OVER THE PAST 
FEW WEEKS.
Please circle the answer which you think most nearly applies to you.
HAVE YOU RECENTLY:
1. Been able to concentrate on whatever you are doing 
Better than usual
Same as usual 
Less than usual 
Much less than usual
2. Lost much sleep over worry 
Better than usual
Same as usual 
Less than usual 
Much less than usual
3. Felt that you are playing a useful part in things 
Better than usual
Same as usual 
Less than usual 
Much less than usual
4. Felt capable of making decisions about things 
Better than usual
Same as usual 
Less than usual 
Much less than usual
5. Felt constantly under strain 
Better than usual
Same as usual 
Less than usual 
Much less than usual
6. Felt that you couldn’t overcome your difficulties 
Better than usual
Same as usual 
Less than usual 
Much less than usual
7. Been able to enjoy your normal day today activities
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Better than usual 
Same as usual 
Less than usual 
Much less than usual
8. Been able to face up to your problems 
Better than usual
Same as usual 
Less than usual 
Much less than usual
9. Been feeling unhappy and depressed 
Better than usual
Same as usual 
Less than usual 
Much less than usual
10. Been losing confidence in yourself 
Better than usual
Same as usual 
Less than usual 
Much less than usual
11. Been thinking of yourself as worthless person 
Better than usual
Same as usual 
Less than usual 
Much less than usual
12. Been feeling reasonably happy, ail things considered 
Better than usual
Same as usual 
Less than usual 
Much less than usual
APPENDIX F
Results
Table 112 month neck upper back shoulder data
Neck shoulder upper 
limb
sens spec PPV NPV LR pos LR neg
Posture standing 94 0 76 0 .93
Cervical posture seated 76 29 79 25 1.06 .86
Cevicai range of motion 90 7 77 16 .97 1.43
Quadrant test cervical 
spine
57 50 80 25 1.14 .86
Hautants 27 86 87 25 1.86 .86
Shoulder abduction 84 21 79 27 1.06 .76
T4 active extension 94 14 79 40 1.09 .43
Apley’s scratch 76 50 84 37 1.51 .49
Shoulder range of 
motion
92 29 82 50 1.28 .29
Empty can test 55 29 73 15 .77 1.57
Neers impingement sign 51 64 83 27 1.42 .76
AER 57 86 93 36 4.00 .50
Elbow range of motion 29 86 87 26 2.00 .83
Wrist extension 20 93 91 25 2.85 .86
Wrsit hand range of 
motion
47 79 88 30 2.19 .67
TMJ range of motion 86 29 81 36 1.27 .50
Hyoid mobility 49 86 92 32 3.42 .59
Sitting respiration 
pattern
76 14 76 14 .88 1.71
Trigger points sitting
Cevicothoracic 96 7 78 33 1.03 .57
Shoudler 65 36 78 23 1.01 .97
Forearm 51 71 86 29 1.78 .69
Joint play sitting
Upper cervical 67 21 75 16 .86 1.52
Lower cervical 92 0 76 0 .92
Dorsal T8 94 7 78 25 1.01 .86
Upper limb 78 14 76 15 .90 1.57
Sit to stand 82 43 83 40 1.42 .43
Lewits suboccipital 
tension screen
35 86 89 27 2.42 .76
Janda neck flexion 73 36 80 28 1.14 .74
Cervical stability 84 36 82 38 1.30 .46
ULTT 92 36 83 56 1.43 .23
Supine respiration 63 29 76 18 .89 1.28
Cervicothoracic
extension
90 21 80 37 1.14 .48
Prone scap abduction 69 57 85 35 1.61 .54
Lower trap strength 86 29 81 36 1.2 .50
Push up mp 78 36 81 31 1.21 .63
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Prone palpation
sens spec PPV NPV LR pos LR neg
Upper cervical 59 64 85 31 1.65 .63
Lower cervical first rib 79 29 80 29 1.11 .71
Upper dorsal 86 14 78 22 1.00 1.00
Lower dorsal 29 57 70 19 .67 1.25
Cervical syndrome 57 36 76 19 .88 1.2
Veles 35 71 81 24 1.21 .91
1 legged stance eyes 
closed
96 14 80 50 1.49 .29
1 legged stance eyes 
open
35 71 81 24 1.21 .91
Fukuda Underberger 78 7 75 8 .84 3.14
Hyper mobility 33 36 64 13 .51 1.88
Slump test 79 64 87 47 2.22 .32
Muscle length cervical 
spine
1 7 79 1 1.07 0
Muscle length dorsal 
spine
94 14 80 40 1.09 .42
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Table 2: 7 day neck, upper back, shoulder data
Posture standing 93 0 67 0 .93
Cervical posture seated 70 17 59 25 .85 1.72
Cevical range of motion 87 4 61 16 .91 2.87
Quadrant test cervical 
spine
58 48 66 39 1.10 .89
Hautants 27 82 73 39 1.58 .87
Shoulder abduction 83 17 63 36 .998' 1.01
T4 active extension 93 9 64 40 1.01 .86
Apley’s scratch 73 35 66 42 1.11 .79
Shoulder range of 
motion
90 17 65 50 1.1 .58
Empty can test 55 35 59 31 .84 1.29
Neers impingement sign 50 57 66 39 1.15 .88
AER 58 69 76 48 1.88 .61
Elbow range of motion 28 78 69 38 1.26 .93
Wrist extension 15 78 54 35 .69 1.08
Wrsit hand range of 
motion
43 61 65 38 1.08 .94
TMJ range of motion 85 22 65 45 1.08 .69
Hyoid mobility 50 74 77 46 1.9 .67
Sitting respiration 
pattern
73 13 59 21 .83 2.11
Trigger points sitting
Cevicothoracic 95 4 62 33 .99 1.2
Shoudler 65 38 63 36 .99 1.0
Forearm 55 69 76 47 1.8 .64
Joint play sitting
Upper cervical 63 17 57 21 .76 2.15
Lower cervical 93 4 63 25 .97 1.72
Dorsal T8 95 9 64 50 1.04 .58
Upper limb 90 17 65 50 1.09 .58
Sit to stand 80 30 67 47 1.15 .66
Lewits suboccipital 
tension screen
35 78 74 41 1.61 .83
Janda neck flexion 73 30 64 38 1.04 .90
Cervical stability 87 35 70 62 1.34 .36
ULTT 90 23 66 55 1.15 .46
Supine respiration 60 26 59 27 .81 1.5
Cervicothoracic
extension
90 17 65 50 1.09 .58
Prone scap abduction 73 52 73 52 1.5 .53
Lower trap strength 88 26 67 54 1.18 .48
Push up mp 75 26 64 38 1.01 .96
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Prone palpation
Upper cervical 63 61 74 48 1.59 .62
Lower cervical first rib 90 43 73 71 1.59 .23
Upper dorsal 83 9 61 22 .90 2.01
Lower dorsal 25 57 50 30 .58 1.3
Cervical syndrome 55 35 59 31 .84 1.3
Veles 28 57 52 31 .63 1.28
1 legged stance eyes 
closed
95 9 64 50 1.04 .58
1 legged stance eyes 
open
30 61 57 33 .76 1.15
Fukuda Underberger 77 13 61 25 .89 1.72
Hyper mobility 38 56 60 34 .86 1.11
Slump test 85 56 77 68 1.95 .27
Muscle length cervical 
spine
1 4 65 1 1.04 0
| Muscle length dorsal 
spine
93 9 64 40 1.01 .86
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Table 3:12 month Low back and lower limb tests
Lumbar lower limb tests sens spec PPV NPV LR pos LR neg
Lumbar ROM 79 50 65 41 1.59 .41
Quadrant test lumbar 
spine
90 43 85 55 1.57 .24
Squat test MP 69 43 81 29 1.21 .71
1 legged squat 71 43 81 30 1.25 .67
Pelvic motion palpation 84 36 82 38 1.3 .46
Pelvic distortion 49 43 75 19 .86 1.19
Thomas test 96 21 81 60 1.22 .19
SLR 31 1 1 29 .70
Bilateral SLR 84 36 82 38 1.33 .46
Internal hip rotation 
supine
60 50 81 26 1.18 .82
Fabere Patrick 84 21 79 27 1.06 .76
Trunk curl 49 64 83 26 1.37 .79
Hip abduction MP 67 29 77 20 .94 1.14
Silverstolpes test 67 36 79 24 1.04 .91
Hip extension MP 82 21 78 25 1.03 .86
internal hip rotation 
prone
51 43 76 20 .89 1.14
Sorensons test 7 80 9 75
Prone palpation
Lower dorsal 29 57 70 19 .67 1.25
Lumbar 49 36 73 16 .76 1.42
SI joints 69 43 81 29 1.21 .71
Apparent Leg length 
inequality
90 0 76 0 .89
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Table 4: 7 day low back and lower limb tests
Lumbar lower limb tests sens spec PPV NPV LR pos LR neg
Lumbar ROM 75 30 65 41 1.08 .82
Quadrant test lumbar 
spine
90 30 69 64 1.29 .33
Squat test 68 35 64 38 1.03 .93
1 legged squat 68 30 63 35 .97 1.07
Pelvic motion palpation 80 22 64 38 1.02 .92
Pelvic distortion 45 39 56 29 .74 1.4
Thomas test 76 13 65 20 .87 1.8
SLR 30 87 80 42 2.3 .81
Bilateral SLR 80 22 64 38 1.02 .92
Internal hip rotation 
supine
63 52 69 44 1.3 .72
Fabere Patrick 80 13 62 27 .92 1.53
Trunk curl 50 61 69 41 1.3 .82
Hip abduction 65 26 60 30 .88 1.34
Silverstolpes test 68 35 64 38 1.03 .93
Hip extension 80 17 63 33 .97 1.15
Internal hip rotation 
prone
48 39 58 30 .78 1.34
Sorensons test 15 78 54 35 .69 1.09
Prone palpation
Lower dorsal 25 57 50 30 .58 1.3
Lumbar 48 35 56 27 .73 1.5
St joints 70 39 66 43 1.15 .76
Apparent Leg length 
inequality
90 4 62 20 .94 2.3
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Template of Company Recruitment Letter
To Whom It May Concern (Human Resources Manager)
Re: Early detection of neck shoulder and arm trouble in working age 
female computer users
Hello. My name is Dr Paul Weston. I am a local Doctor of Chiropractic 
and currently undertaking a Doctorate of Clinical Practice at the 
University of Surrey. I am conducting a study of neck arm and shoulder 
trouble in computer users and looking at the best ways to detect early 
signs of trouble in order to help prevent the development of these 
conditions. I am currently recruiting subjects and am looking for 
companies that would like to be involved. I specifically hope to recruit 
female computer users who spend at least 20 hours per week at the 
keyboard. Participation would be on a voluntary basis and I would like 
people with and without complaints. The organisations already involved 
are allowing me access to their facility and providing a private room/area 
to perform the evaluations. The study requires a number of 
questionnaires to be completed and then for participants to undergo a 
short physical examination of muscles, joints and overall function. There 
are no invasive tests and the process is safe. Feedback will be provided 
to the participants and general advice can be given regarding their health 
status. No discussion regarding causes of conditions and relationship 
with the specific workplace will be undertaken. A number of other 
companies have already expressed interest. I would like to call you to 
discuss the possibility of your involvement. Most subjects to date enjoy 
the process and find an evaluation of their current musculoskeletal status 
helpful in modifying and improving their health. If you have any questions 
please feel free to contact me on 07815110773 or email at 
innate@hotmail.co.uk. Thank you for your consideration in this matter.
Yours Sincerely
JP Weston
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Ethics Submission
Screening for non-specific musculoskeletal 
disorders of the neck shoulder and upper limb in 
working female computer users
JP Weston
In partial fulfillment of the Doctorate in Clinical
Practice 
EIHMS 
University of Surrey
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As part of the Doctorate of Clinical Practice program I am exploring the 
area of clinical assessment and management of work related 
musculoskeletal disorders (wrmsds), particularly in relation to screening 
for early detection, surveillance and secondary prevention.
Soft tissue musculoskeletal disorders, including back and neck pain 
represent the most commonly reported work related disorder along with 
stress (HSE-Statistics 2006) These conditions also represent the largest 
component of chiropractic practice.(Chapman Smith 2005). 
Musculoskeletal disorders(msd’s) are a common cause of morbidity both 
within industry and in the general population. The assessment, 
management and prevention of musculoskeletal disorders are important 
due to the cost in both monetary and human terms. Work related 
musculoskeletal disorders are a major problem in most industrialised 
countries, particularly the UK. Non - specific musculoskeletal disorders or 
disorders of indeterminate clinical diagnosis make up the bulk of these 
work related conditions (HSE 2006). These mild to moderate 
musculoskeletal disorders are common and can significantly influence 
quality of life (Salerno 2002). By their nature the specific assessment and 
management of these conditions is problematic. A number of clinical 
reviews advocate the early assessment and management of these 
conditions as essential to appropriate care and prevention of long term 
disability and their subsequent associated repercussions (CSAG 1994, 
Breen et al 2006). Reliable and valid measures of ‘early effects’ could be 
a valuable tool in active work place health surveillance (Rosencrance 
1998)
The HSE research agenda (2004) outlines the need to identify and 
promote better tools for MSD health monitoring. In going ‘beyond 
compliance’ many employers may need to be more proactive than at 
present and will need ways to identify MSD symptoms at an early stage. 
There are no practical approaches available currently other than the use 
of self-report measures. Identification of a decrement in performance has 
been suggested as a possible tool to detect signs of the development of 
musculoskeletal disorders. However, there is currently little research 
published on this topic.
Musculoskeletal trouble related to computer use commonly presents as 
non-specific chronic recurrent neck shoulder and arm pain with 
associated disability. The prevalence of this condition is also more 
common in females (Treaster and Burr 2004).
The evaluation of these conditions in a working population has included 
both self report and clinical evaluation. Variations in the prevalence of 
findings and self reported symptoms have been noted, particularly when 
utilising diagnostic testing. The functional assessment of individual 
capacity has been advocated in order to help identify existing clinical 
conditions and as a possible tool for early identification and secondary 
prevention (Jull-Kristensen et al 2006). The role of physical evaluation in
1. Summary of project
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mild to moderate cases and non-specific msds is unclear but may 
contribute to more effective evaluation of subjects with self reported 
msds.
2. Aims and Objectives
The aim of this study is to evaluate a functional screening examination 
protocol for the early detection of non-specific work related 
musculoskeletal disorders of the neck, upper back and shoulder (upper 
quadrant) in a working population of female computer users. Secondarily 
it will explore the relationship between clinical findings on examination 
and self-reported musculoskeletal pain, dysfunction, and psychosocial 
stress. It is hypothesized that subjects reporting signs and symptoms will 
have corresponding changes in physical function as assessed by these 
tests.
Specific objectives include;
Selection of appropriate clinical assessment methods which detect 
mild to moderate musculoskeletal disorders 
Prevalence of clinical signs will be assessed in a group of female 
computer users with and without self-reported symptoms and 
activity of daily living/ disability scores.
Evaluation of the ability of the screening protocol to identify cases vs. 
non-cases as identified by the Nordic questionnaire as well as 
reliability, sensitivity, specificity and predictive value of individual 
tests, test domains and total scores.
3. Inclusion criteria
Participants will be categorised as a neck /shoulder and arm case or 
non-case (control). A neck/shoulder case will be defined as a subject 
reporting trouble ache, pain or discomfort for more than 30 days within 
the last 12 months in the neck, upper back and or shoulder and reporting 
a maximum of 2 other areas with more than 30 days trouble within the 
last 12 months (Kuorinka et al 1987). A neck/upper back/shoulder control 
will be defined as reporting a maximum of 7 days of trouble in the neck, 
upper back and shoulders within the last 12 months and a maximum of 3 
areas in total with more than 30 days of trouble within the last 12 months. 
While diagnosis of conditions is not the primary aim of this study 
categorisation of subjects with respect to their symptomatic presentation 
will be undertaken. For example, mechanical joint pain is defined as 
cervical, shoulder and or upper arm pain which varies with different 
movements and or postures. This will be differentiated from more specific 
medical diagnoses such as those outlined by Harrington et al (1998).
Subjects will be recruited/ drawn from a female working population
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spending at least 20 hours per week at the computer. A number of 
companies have been approached regarding participation in this study. A 
convenience sample of approximately 80 volunteers between the ages of 
18-65 with and without self reported complaints of work related 
musculoskeletal disorders will be recruited using in house advertising for 
subjects,
4. Exclusion criteria
Potential subjects will initially be assessed through a clinical triage 
process which will include a relevant health history and short targeted 
physical examination (BP, temperature, respiration) performed by the 
primary researcher in order to rule out any contraindications to 
participation and determine their suitability for inclusion, 
individuals identified with recent trauma, potential serious pathology, 
systemic disorders and/or progressive neurological deficit will be advised 
of their condition and referred to the appropriate health care provider and 
excluded from the current study.
5. Experimental Design - Project Protocol
As outlined in the Fig 1 The project protocol the will consist of the 
following; a recruitment process for suitable participants followed by a 
completion of the consent process. Appropriate scheduling of 
appointments will be agreed. Ail evaluations will take place either at their 
place of employment or the University chiropractic clinic, in suitable 
private environments. At entry, questionnaires will be completed 
regarding their musculoskeletal status, psychosocial issues and work 
place environment. Ciinical triage will be undertaken in order to rule out 
potential contraindications to participation. Any excluded individuals will 
be advised as to the reasons and any further appropriate action taken. 
Those participants suitable for the study will be advised of the 
examination procedure and examined. The participant will be released 
following a short discussion of the key findings. The participant will 
subsequently receive a written summary of the examination findings and 
will be contacted by phone within 72 hours in order to determine if they 
have experienced any adverse reactions to the procedure. The 
evaluations are a one time procedure.
The research program will last approximately 12 weeks. Subjects will be 
evaluated primarily at their place of employment. Examination 
rooms/areas that allow privacy to the participant will be utilized. As the 
testing will occur at a number of locations no examinations will take place 
in an area that does not fulfil these criteria. A schedule of appointments 
will be made prior to the visit so each subject is made aware of the time 
of the appointment. The subjects will fill in preliminary questionnaires 
assessing their current health and musculoskeletal status in order to 
identify any possible contraindications to participating. As previously 
discussed any contraindications identified by the researcher (a registered 
chiropractor) during the triage examination process will be discussed with
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the patient and any further investigation expedited.
If suitable for inclusion a series of questionnaires will be completed 
regarding the subjects musculoskeletal status ( Nordic questionnaire), 
activities of daily living (Neck disability Index, Upper extremity function 
questionnaire and Disabilities of the arm shoulder and hand), pain 
diagram, numerical pain index, and measure of psychosocial status 
(yellow flags questionnaire). These standardized functional outcome 
assessment tools have been shown to exhibit good reproducibility, 
responsiveness and validity, particularly for mild to moderate 
musculoskeletal disorders (Salerno 2002) The subjects will subsequently 
undergo a screening examination focusing primarily on the upper 
quadrant (neck shoulder and upper back). The screening protocol 
consists of testing domains which will evaluate posture, movement, 
muscle length and strength and palpation of joints and muscles.
Each screening examination will take approximately 30 minutes. 
Preliminary paperwork will also require approximately 15-20 minutes. 
Each subject will be informed of the contents and manner of the 
examination prior to agreeing to participate. Consent will be obtained. 
Each subject will be able to ask any questions at any point during the 
examination and before each clinical test is performed. The subject may 
withdraw from any particular test or the entire physical examination at 
any time. The examiner will be blinded to the symptom status of each 
subject prior to the examination.
The screening examination will have been piloted for usability in the 
clinical chiropractic setting. This will entail using the screening protocol 
as a component of the evaluation of patients presenting with neck 
shoulder and upper limb conditions. These tests are composed of 
standard examination procedures suitable for these patients. While no 
evaluation of reliability will be undertaken the protocol will be performed 
by only 1 experienced clinical examiner and therefore have some internal 
consistency.
The screening examination protocol to be utilised in this study was 
developed following standard orthopaedic and musculoskeletal 
examination principles as commonly used within the medical and 
chiropractic profession. The protocol has a rehabilitative focus which 
entails a more functional assessment of the individual as opposed to a 
strictly diagnostic exercise. It attempts to bridge the gap between 
functional capacity evaluations and diagnostic testing. Clinical tests of 
joint mobility, joint and muscle palpation, muscle length and strength 
evaluation, movement patterns and muscular endurance will be included. 
The physical examination will follow standard examination protocols for 
the musculoskeletal system and is based upon previously documented 
and generally accepted clinical practice (Janda 1996). The quantitative 
functional capacity evaluation Yeomans and Liebenson (1996) and 
examination protocol used in the Stress MSD study (Devereux et al 
2004) are examples of the type of evaluation that will be used. The tests 
selected were chosen in order to target the early signs of 
musculoskeletal dysfunction commonly identified in patients presenting 
to clinicai chiropractic practice with non-specific musculoskeletal
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disorders.
The Southampton examination schedule (Palmer et al 2000) for the 
diagnosis of musculoskeletal disorders of the upper limb has also been 
used as a template for the clinical examination component of this study. 
The clinical tests for this schedule have been approved by consensus 
from leading rheumatologists, orthopaedic surgeons and scientists. This 
examination schedule has been evaluated by the Medical research 
Council’s Environmental epidemiology Unit at Southampton General 
Hospital. The examination schedule is repeatable and gives acceptable 
diagnostic accuracy. The examination has reported face and construct 
validity as well as consensus approval (Palmer et al 2000). The test
battery in this study while not identical in content incorporates the
principles and approach utilized within the Southampton schedule.
All clinical protocols are non-invasive and identify the following: 
Tenderness of joints and muscles to palpation, pain on resisted
movement, range of motion limitations, abnormal movement patterns, 
abnormal muscle length and strength, endurance and orthopaedic stress 
testing. Nerve conduction will not be assessed in the physical
examination. The examination will focus upon the upper quadrant; neck, 
upper back, shoulder and upper limb.
All participants will be contacted within 72 hours following their 
examination in order to determine if they have experienced any pain, 
discomfort or adverse effects as a result of the procedure. Appropriate 
advice and or further clinical follow up will be recommended in 
accordance with standard clinical practice.
In the event of a low risk injury occurring during assessment the subject 
will be immediately clinically assessed and managed in accordance with 
standard clinical practice. Appropriate medical referral and or further 
management of the condition will be implemented.
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Fig 11
Project Protocol Summary
1. Recruitment of subjects 
18-65 
Female
20 hours plus/week computer use
2. Information Sheet 
Consent to participate 
Consent to Examine
3. Questionnaire completion 
Nordic questionnaire 
Symptom questionnaire 
Pain diagram 
Numerical pain index 
Neck disability questionnaire 
Disabilities of the arm shoulder and hand questionnaire 
Psychosocial stressor questionnaire 
Occupational risk factors questionnaire
4. Triage
Potential contraindications to participation 
Screen for health issues 
Triage examination 
BP/Temp/Respiration
5. Exclusion from study 
Discussion with individual 
Referral to health professional if appropriate
6. Inclusion 
Explanation of examination procedure 
Screening examination administered 
Discussion of key findings
7. Subject discharged 
Written report of findings completed and forwarded to subject with thank you for
participating
8. Analysis of data 
Data transferred to SPSS 
Interpretation and write up
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No personally identifiable results will be provided to anyone outside the 
primary researcher. Each subject will be sent a confidential summary of 
their personal physical examination findings, an interpretation of the 
results and any recommendations for medical follow up if appropriate. 
Subjects will be able to contact the primary researcher regarding any 
questions they may have arising from the examination process. Clinical 
records will be stored in compliance with the Data Protection Act 1998 in 
a password protected secure system within the University Chiropractic 
Clinic computer system (appendix 20).
For the analysis, subjects will be categorized into cases and non-cases 
of recurrent mechanical neck, upper back and shoulder pain by reported 
symptoms for each assessed body region. Additional evaluation using 
the neck disability index, DASH, visual analogue pain scale, pain 
diagram and psychosocial status assessment will be undertaken. These 
provide numerical scores of disability and current functional status.
6. Study evaluation
The sensitivity and specificity of the screening protocol will be calculated 
for each body region according to Kleinbaum et al (1982). Sensitivity 
provides a measure of the ability of the screening examination to identify 
cases. The specificity provides a measure of the ability of the screening 
protocol to identify non-cases who are also diagnosed as non-case. 
Correlation of the scores from the screening examination and the 
reported symptom picture and clinical diagnostic category wili be 
assessed. Individual tests as well as each domain; Movement patterns, 
range of motion, stress testing, muscle palpation, joint palpation, muscle 
length and strength, balance tests, will be correlated with the presence or 
absence of symptoms, and the activity of daily living scores.
293
294
7. Statistical Analysis
The following quantitative statistical analyses will be undertaken utilizing 
SPSS for Windows,
Validity
Sensitivity and specificity for each test and the cumulative test battery will 
be calculated in relation to positive cases as defined by the functional 
outcome measures, self reported symptoms and examination results. 
Predictive value will be determined from the same data set.
Construct validity
A correlation analysis will be performed between the previously validated 
functional outcomes measure scores; NDI, DASH, VAS and the 
screening examination scores.
A non-parametric assessment of differences between the self-reported 
cases and non-cases in relation to the regional findings, the domains, 
physical function tests and mean number of individual tests per individual 
will be undertaken. The unpaired Mann-Whitney U-test will be used.
With a moderate estimated effect size of .50 approximately 30 subjects 
per group will be needed to provide adequate power for the correlation 
coefficient. (Portney and Watkins 2000)
Data collection
Data collected from the subject evaluations will be downloaded onto 
SPSS and stored electronically in a secure environment.
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Overview of integration of knowledge, research and practice
Introduction
The purpose of this overview is to review the key elements of the D Clin Prac. 
programme with specific application to my area of clinical practice. It will provide a 
reflective account of the various components, their integration and application to clinicai 
practice. The taught elements will be reviewed with specific applications to the key 
learning objectives and outcomes.
The primary aim of this work was to review and evaluate the area of work related 
musculoskeletal disorders, particularly the assessment and management of these 
conditions within the clinical and work environment. Specific application to me as a 
practicing chiropractor and generally to the chiropractic profession was applicable. I had 
identified through my own clinical experience, practice and teaching activities the limited 
knowledge base, training and experience in the assessment and management of these 
common work related conditions. The multifactorial nature of these conditions and the 
implications of these disorders in terms of the multiple stakeholders i.e. employee, 
employer, government and health system, involved was also a motivating factor. My 
original concept was to develop an integrated screening protocol/tool for the 
identification of WRMD’s in a working population. The complexity of outcome and tool 
development quickly became apparent.
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1. How elements of the portfolio contribute to the portfolio/ fit together
The DClinPrac programme consists of the following elements; policy review, service 
development project, clinical academic paper and research project. Each component 
required the development and evaluation of a different skill set and evaluative 
perspective. Within each of these components l attempted to address different aspects 
of the area of study.
Policy Review
I selected the Faculty of Occupational Medicine occupational back pain guidelines and 
more broadly health policy in dealing with the management of work related conditions as 
the area to review.
This provided a wide ranging review of legislative, political and interprofessional issues 
related to this common work related condition. It brought into focus the integrated and 
interdependent nature of all public health policy and its application to the private sector. 
The identification of the various actors and drivers of health policy and the roles they 
play within the larger societal system was very instructive. A review of work related 
illness in the broader picture of the health care system improved my perspective of the 
challenges associated in dealing with this issue. This component of the programme 
allowed me to synthesize my ideas about work related health, the role of business, 
government and health practitioners particularly in relation to the assessment and 
management of these conditions.
Service Development Project
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The service development project addressed the issue of clinical assessment of the work 
related-ness of these conditions within clinical chiropractic practice. This component 
allowed me to drill down to a specific application of clinical practice. The assessment 
and subsequent management of WRMD’s requires a specific skill set and perspective 
which appears to be limited in health professionals generally. Through a practice audit of 
patients presenting with known work related conditions, the assessment approach to 
patients presenting with a work related component to their problem, by chiropractors in 
clinical practice was evaluated. Recommendations for future action were proposed.
Clinical Academic Paper
The clinical academic paper: Validation of clinical screening tests in the evaluation of 
early signs of work related neck-shoulder disorders in working female computer users 
was submitted to the Journal of Occupational Rehabilitation. This paper outlined a 
component of the research project evaluating the validity of a number of screening tests 
for the evaluation of these conditions in a working population. The synthesis of a 
publishable paper from a research project was challenging. It required clarity of thought 
and expression in order to address the specific aims of the paper within the specified 
requirements.
Research Project
The research project: Screening for non-specific work-related neck-shoulder and arm 
disorders in working female computer users, dealt with the issues of clinical assessment, 
screening and surveillance of these conditions in a working population. The issues of
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early detection and management of these conditions, within the occupational 
environment, integrating a biopsychosocial model was the goal.
Each element of the portfolio addresses an aspect of evaluation and management of 
work related MSD’s in working populations with specific relevance to the skills required 
to effectively manage these conditions in clinicai practice. The broader perspectives of 
the employee, employer, government and various interprofessional health care providers 
are all relevant to the study of this area.
2. How theory links to clinical practice
The underlying theoretical constructs particularly applicable to my work are systems 
theory and the biopsychosocial model as applied to musculoskeletal disorders. These 
principles have subsequently been applied to the work related literature and have 
contributed to models addressing the developmental processes involved in WRMD’s and 
in particular Video Display Users.
In clinical practice the assessment and management of these conditions requires a 
biopsychosocial approach which addresses both the biological and psychosocial risk 
factors in the development of these disorders and the subsequent addressing of these 
issues in the effective management of these conditions. While this has been discussed 
widely in the clinical literature regarding back and neck-pain, the implications for an 
integrated approach is lacking in the epidemiological approaches to evaluating these 
disorders.
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The concepts of validity and particularly reliability in the methods of assessment of these 
disorders are an important issue which relates directly to clinical practice. Without valid 
and reliable methods the detection, monitoring and effective management of these 
conditions is limited.
A systems approach to the surveillance and screening of early signs of WRMD’s using 
valid and reliable methods was the goal.
3. Benefits of the programme
I feel I have gained a number of key concepts and skills from participating in this course. 
From a clinical perspective I feel I am now a better clinician not just in the area of work 
reiated-ness of the disorders presenting to my clinic but in my overall perspective and 
clinical skill set. In reviewing my topic area I have critically reviewed all aspects of 
assessment and management of conditions which commonly present to chiropractors. I 
have learned to take a more systematic and structured approach to the review and 
evaluation of my work systems. My supervisors will no doubt comment that much further 
work is required. The skills necessary for project management, statistical approaches to 
data management, functional use of SPSS and qualitative research methods were 
developed.
The concept of service development and its application to the practice environment in 
order to better deliver quality services is extremely relevant to my ciinical practice.
The broader systems view of the role of the clinician and- the relationship to the larger 
often chaotic health care system is perhaps the most important contribution of the 
programme.
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4. Value to my area of clinical practice
The key values to my area of practice deal with enhanced assessment and management 
skills regarding WRMD’s. The ability to interact with employers, other health 
professionals dealing and intergovernmental agencies has been enhanced. Publication 
and dissemination of this material will assist other practitioners in their awareness and 
ability to deal with the issues surrounding work related health and well- being.
5. Reflective account to highlight how the taught elements and Research Project 
have contributed to the integration of research knowledge into clinical practice.
The six elements of the taught programme included 1. Introduction to doctoral studies 2. 
Professional ethics in a risk society 3. Advanced research methods for the reflective 
practitioner 4. Policy, politics and power 5. Communities of practice 6. Emotions 
leadership and innovation in organizations. The main goal of the DCIinPrac programme 
was to integrate practice and theory in order to foster innovation, application and 
synthesis in research and practice. Each element contributed in providing specific skill 
and conceptual development in a broader context.
Introduction to Doctoral Studies
The initial element, introduction to doctoral studies through the review of learning and 
development needs and the outline research proposal allowed a review of the research 
process and clarified the issues of time management and project planning. While not 
applied in my study the concept of multi modal approaches to research design was 
relevant in the early stages of proposal development. The concepts of project planning,
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management and strategic scheduling skills while not fully implemented were crucial to 
the completion of this work. The modifications of my expectations of what could be 
accomplished and the necessary rigor of the project were the main lessons learned.
Professional ethics in a risk society
The review of philosophies of health care helped clarify the interrelatedness and holistic 
nature of the work environment with the ciinical status and general well being of the 
individual. This was taken into account in the theoretical models selected for this study.
The difficulties initially in approaching companies regarding involvement in this study 
identified issues of organisational difficulties with the raising of potential staff concerns 
regarding the work relatedness of complaints. While not overtly expressed it appeared 
that there was concern with the potential ramifications of identifying potentially work 
related MSD’s in their workforce. The implications of surveillance and screening for 
WRMD’s have tremendous potential impact upon the duty of care of employers and 
health professionals.
Issues of professionalism and the perception of relationship with participants was 
interesting .In the work environment and context of a research study it was not the 
classic patient doctor relationship but modified by the setting and the nature of the 
evaluation. This allowed a more facilitative interchange. The independence of the 
examiner from the employer and the research purpose assisted in the development of 
the relationship between participant and examiner.
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Organisational attitudes to health promotion, secondary prevention and early detection 
were limited at best, in discussions with employers it was clear they were often 
uninformed regarding the appropriate management of WRMD’s and unclear in their role 
regarding prevention or early detection. Stakeholder dialogue between employers and 
employees was limited in the participants of this study.
Interagency relations between the HSE, NHS, medical practitioners and complementary 
practitioners were highlighted in this study. The limited communication between the 
workplace, general practitioners and occupational health practitioners was obvious. Poor 
communication between providers has obviously inhibited optimal prevention and early 
management of these conditions.
Specific ethics issues related to my project included the issue of consent for 
examination/surveillance and the provision and feedback and appropriate follow up of 
participants. Potential feedback to employers regarding the health status of individuals 
has potential ethical implications which can impact upon participation in any 
screening/surveillance programme. The issue of evaluation of individuals not presenting 
in the clinical setting and the ramifications of potential aggravation of underlying 
conditions had to be considered.
Advanced research methods
The application of advanced research methods through the development of the research 
proposal, research project and academic paper contributed to the practical skills 
required to conduct the research project. These elements included evaluating and 
selecting research perspectives, questionnaire and survey design, self reports, and
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observational methodology. All aspects of this element were relevant to the development 
and integration of the research process into clinical practice. Specifically a review of the 
epidemiologic approaches to studying populations as opposed to individuals was 
important. The areas of evidence based practice and validity assessment were applied 
in my study and relevant to any clinical approach. The evaluation of screening and 
diagnostic testing through appropriate validity testing was primary. While not utilized in 
this study the concepts of multi-method approaches and exposure to qualitative 
approaches allowed my research approach to be put into perspective. Issues regarding 
unheard voices may be relevant to future work regarding individuals at work.
Politics, Policy and Power
This component increased my awareness of how health and social care policy is 
developed and can be influenced. The implications of fiscal policy driving health policy 
helped clarify the current status of assessment and management of health in the 
workplace. The issues around evidence based practice and the implications of a current 
lack of evidence were relevant to the development of health surveillance guidelines for 
WRMD’s. The motivation of business and governmental agencies to make meaningful 
change has been demonstrated in the lack of action in tackling these issues. I have 
become acutely aware of the power relationships both in clinical care and the work 
environment. Alternative health professions such as chiropractic often lack real and 
perceived power in these environments.
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Communities of Practice
The issue of tacit knowledge within a profession I found particularly useful in reviewing 
clinical approaches to the evaluation of disorders. The operationalisation of practice 
knowledge into a usable examination protocol was required in this study. Both 
consensus and individual approaches to developing applicable practice knowledge was 
required in this study. The relevance and influence of other professional communities of 
practice such as occupational physicians and nurses, ergonomists, health and safety 
professionals, physiotherapists and osteopaths was clarified. This was demonstrated in 
the co-management of work related disorders within my clinical practice. Interaction 
between these communities will be enhanced through dissemination of this work.
Emotions, leadership and innovation in organizations
innovation within my own clinical practice demonstrated the difficulties in change within 
organizations. Often theoretical concepts are not sufficient to stimulate the change 
process Increased awareness of the potential hurdles to this process enables 
momentum for change to be sustained. This was evident in the service development 
project. The concept of change agent or champion to stimulate continued change has 
relevance to changes in the micro and macro work environment. This highlights the role 
of leadership in change within the work setting as demonstrated in participatory 
ergonomics programmes. Emotional labour can be substantial in providing care in the 
work environment. This can be a primary issue for clinical staff in an environment with 
limited employer support and resources.
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Conclusion
The Doctorate of Clinical Practice programme has allowed me to develop as a clinician- 
scientist and develop a greater appreciation for the process of health care and the forces 
impacting upon human health and well-being. This will enable ongoing personal and 
professional development utilizing the principles gained from this programme.
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Abstract
Title: Validation of functional screening tests for identifying non-specific musculoskeletal 
disorders of the neck shoulder in working female computer users.
J. Paul Weston
Background: Work related musculoskeletal disorders (WRMD’s) affecting the neck 
shoulder and upper limb consist of a number of conditions affecting the musculoskeletal 
system and have a high prevalence in the working population. The majority of these 
conditions are classified as non-specific, particularly in the early stages, but often 
demonstrate physical impairment. Early detection and management of these conditions 
has been advocated in order to provide timely intervention and prevent the development 
of long term disability. Screening evaluation as a component of health surveillance 
programs, in order to identify potential cases of WRMD’s, requires valid and reliable 
methods of assessment Evaluation of functional ability by the selected clinical 
examination methods may provide supplementary methods for the detection of sub 
clinical changes in these common and chronic conditions.
This study evaluated the validity of a number of clinical screening tests for the detection 
of early signs of WRMD’s.
Methods: A convenience sample of 63 female computer operators between the ages of 
20-69, spending a minimum of 15 hours/week at the keyboard/VDU, employed and not 
currently under active care for any musculoskeletal disorder was recruited. A modified 
Nordic questionnaire was used to evaluate subjects for their neck shoulder and upper 
limb symptomatic status over the previous 12 months. Subjects were then clinically
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examined for signs of musculoskeletal disorders using selected quantitative and 
qualitative functional tests. These included observation, movement pattern assessment, 
palpation of joints and muscles, muscle length and strength testing, orthopaedic stress 
testing and balance testing. The validity of the screening clinical tests was evaluated 
using sensitivity, specificity, predictive value and likelihood ratios. Self reported case 
status was used as the gold standard for case definition.
Results: 63 participants were assessed by questionnaire and underwent the clinical 
examination protocol. 49 (77.8%) met the case criteria with 14 (22.2%) classified as non­
case. The prevalence rate for self reported MSD's was high with 77.8% reporting neck 
shoulder trouble, 23% reporting elbow forearm and 32% reporting hand wrist and finger 
trouble during the previous 12 months. Both groups demonstrated a high prevalence of 
positive clinical findings in the neck shoulder and upper limb. The clinical tests 
demonstrated good sensitivity (>80%) overall with poorer specificity (<80%) and low 
likelihood ratios (<4). Specific tests which stressed the involved structures appear to be 
most useful. These included movement pattern assessment, cervicothoracic muscle 
strength and range of motion, shoulder range of motion, upper limb tension testing, 
palpation of the lower cervical and upper dorsal posterior joints and one legged balance 
testing eyes closed
Conclusions: The results suggest that a number of the evaluated tests assessing the 
neck shoulder region demonstrated adequate sensitivity for screening purposes. These 
tests may be useful for early detection of work related neck shoulder disorders in 
addition to symptomatic reporting alone. These tests target the mechanical and 
neurologic structures of the neck shoulder area and provide additional stress to the 
involved tissues. They are also low tech, require minimal equipment, are easy to
2
administer and well tolerated by subjects. The high prevalence of self reported MSD’s 
and convenience nature of the sample selected limits the applicability to the wider 
population, particularly male computer users. Further work assessing the reliability and 
utility of these tests is required.
Key words: work related neck shoulder disorders, computer users, validity, screening 
surveillance, functional capacity evaluation
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Title: Validation of functional screening tests for identifying non-specific musculoskeletal 
disorders of the neck shoulder in working female computer users.
Introduction
Work related neck, shoulder and upper limb disorders are prevalent both in the general 
population and particularly common amongst working female computer users [1, 2]. 
Work related musculoskeletal disorders (WRMD's) affecting the neck and shoulder 
region often adversely affect associated business and health care costs [3, 4]. A large 
proportion of these conditions, 50-80%, are classified as non-specific musculoskeletal 
disorders (MSD’s) [5, 6, 7, 8, and 9]. These mild to moderate disorders can significantly 
influence quality of life and contribute to decreased performance, pain and suffering. 
This can lead to the potential development of chronic pain syndromes and subsequent 
lost time and disability [10].
While specific physical and psychosocial risk factors have been documented the 
pathogenesis of these conditions is often described as a multifactorial continuum [11, 12, 
13, 14, 15, 16, and 17]. Identification of these conditions particularly in their early stages 
has been advocated in order to limit the impact upon both health and work performance 
[18, 19, and 20]. Early detection and management of these conditions is important in 
order to reduce lost time and associated costs and to prevent the development of more 
severe chronic clinical disorders.
Surveillance and screening programs have been developed in order to identify and 
monitor the development of these conditions [21.22, 23, and 24]. Screening i.e. the 
application of tests in order to differentiate individuals developing disorders, early
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detection of decreased function and identification of subtle signs of increasing 
dysfunction or disorder is an important component of a health and risk factor surveillance 
program [25, 26]. Traditional approaches have included symptom surveys, limited 
clinical assessment and more recently functional outcome measures as methods to 
identify and quantify the clinical status of the individual.
Methods of classification and diagnosis of these conditions have been inconsistent and 
limited in their effectiveness [27], The need for effective and consistent classification of 
these disorders and the development of reliable and valid assessment methods has 
been advocated [28, 29, 30, and 31].
Harrington et al [32], Helliwell et al [33], Sluiter et al [34] and Palmer et al [35] have all 
proposed standardised diagnostic criteria assessed through medical history and clinical 
examination [36]. Evaluation of functional capacity has evolved in the occupational 
setting as a means to assess the capabilities and limitations of the injured individual in 
order to guide rehabilitation and back to work strategies [37]. However functional 
capacity evaluations utilising more formal and time intensive methodology tend to be 
primarily applied to the evaluation of injured workers [37, 38]. In addition to a diagnostic 
role, clinical and functional examination tests have been advocated as a means to 
assess for morbidity contrasts and inform clinical management, particularly functional 
assessment [39]. Further refinement of these strategies has been advocated in order to 
identify individuals in the early developmental stages ofWRMD’s,
Current biopsychosocia! models in the management of musculoskeletal disorders stress 
activity based models that encourage the restoration of function through active care and 
patient reactivation [20, 40].The clinical examination of function and performance can
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guide the management of non-specific disorders such as low back pain and whiplash 
associated disorders which often correlate poorly with structural pathology [41]. 
Impairments i.e. specific structural or functional abnormalities, of the cervico-thoracic 
spine have been shown to correlate with both cognitive behavioural issues and disability 
[42].
A number of quantitative and qualitative functional tests used to evaluate for functional 
impairments have been advocated for the evaluation of the upper quadrant; neck upper 
back and shoulder [43, 44, 41, 40, 45]. Impairments in joint mobility, strength, 
endurance, muscle balance and co-ordination can contribute to the development of 
subsequent pain syndromes. The validity of screening tests for WRMD’s particularly 
neck, shoulder and upper limb disorders have not been fully evaluated[46,47j.
The aim of this study is to evaluate the validity of a number of functional clinical 
screening tests for the detection of self reported musculoskeletal signs and symptoms in 
working female computer users.
Methods
Subjects
A convenience sample consisting of 63 predominantly computer based female 
employees of a university in the south of England were recruited for the study. Subjects 
were recruited by general advertising, email and announcement. General inclusion 
criteria included the following: Female computer users spending at least 15-20 
hours/week at the keyboard/ VDU, between the ages of 20-69, were not currently under 
active care for any musculoskeletal condition and were not experiencing any serious 
health issue which would contraindicate their participation in a physical assessment. 
Participants could be either symptomatic or asymptomatic.
This particular population has a higher risk of developing WRMD’s in relation to both 
gender and work stress [48]. This was a working population recruited with or without 
significant symptoms and it was assumed that non-specific mild to moderate mechanical 
neck, shoulder and arm pain would be commonly associated with this particular cohort. 
Both Salerno et al [49] and Juul-Kristensen et al [50] report a low prevalence of positive 
findings diagnostically and note the mild nature of MSD’s in keyboard operators 
generally.
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Experimental Design and Project protocol
The participants were briefed on the requirements of the study i.e. the completion of a 
Nordic based multifaceted questionnaire and subsequent participation in a screening 
examination which took approximately 30-45 minutes.
Consent was obtained for evaluation of suitability and assessment. The questionnaire 
was completed and the subject was scheduled for an examination. Screening was 
undertaken for contraindications to involvement. Subjects were excluded if they did not 
meet the inclusion criteria and/or were found to have clinical contraindications to 
participation. Individuals identified with recent trauma, potential serious pathology, 
systemic disorders and/or progressive neurological deficit were advised of their condition 
and referred to an appropriate health care provider and excluded from the current study. 
Participants included underwent a full clinical assessment of their musculoskeletal 
system with the examiner blinded to their current musculoskeletal status and 
questionnaire findings. Follow up was undertaken of the participant’s status following the 
assessment and feedback was given to the participants. Examinations were performed 
in a dedicated room at the workplace.
Case definition
The primary category of interest was non-specific MSD’s. These were defined as pain 
stiffness tingling, numbness, and/or paraesthesia localised or involving part or the totality 
of the neck, shoulder and upper limbs [11]. Participants were categorised as a neck 
/shoulder case or non-case (control). A neck/shoulder case is defined as a subject 
reporting trouble ache, pain or discomfort for more than 3 episodes or lasting longer than
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1 week within the last 12 months in the neck, upper back and or shoulder [51, 2]. A 
neck/shoulder control was defined as reporting less than 3 episodes or lasting less than 
1 week within the last 12 months.
Questionnaire
The content and format of the questionnaire was designed to give a full picture of the 
integrated nature of the individuals’ status with respect to medical status, limited 
assessment of job exposures, musculoskeletal trouble, physical functional status and a 
biopsychosocial assessment. It was based upon the Nordic questionnaire [21], Stress 
MSD study questionnaire [2] and Upper Extremity Discomfort Questionnaire [51].
Cases i.e. those experiencing specific problems of a chronic and recurrent nature 
completed additional data regarding duration, frequency, severity, treatment, and effects 
upon activities of daily living. Non-cases in addition to undergoing the physical 
examination completed functional outcome measures and general questions regarding 
work related stressors. They were not required to complete the questionnaire sections 
regarding specific neck shoulder, elbow forearm or hand wrist finger complaints.
Clinical assessment
The underlying theoretical construct of this study implies a continuum of dysfunction 
experienced by individuals in this specific cohort and work environment. Occupational 
static stress involving prolonged postural positions can result in muscle imbalance and 
associated joint strain [45]. Due to the integrated nature of the upper quadrant the 
potential for mechanical, vascular and neurological compromise and subsequent ciinical 
dysfunction is common.
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These signs of mechanical stress can manifest as joint dysfunction, tight and painful 
muscles trigger point formation, neurovascular compromise, altered proprioception, 
abnormal movement patterns and local or referred pain syndromes [20, 52, 53, 12, 54]. 
Particularly in the early stages of MSD’s and/or in individuals coping well or well 
compensated to their status and lifestyle the distress may not be consciously embodied. 
Disruption of muscle balance or motor patterns secondary to pain or postural adaptation 
can become chronically embedded in the central nervous system. Provocative testing 
such as joint overpressure can often assist in identifying pain generating structures not 
currently noticeable by the subject [55, 56].
Tests of physical capacity measure function such as joint mobility, muscle strength and 
endurance. The measurement of physical impairment including isolated function of 
joints, muscles or both using low tech inexpensive approaches has been reported 
[57]. These tests differ from functional capacity evaluations which are more detailed 
evaluations of work related functional performance [38].
Test selection
Following the review of the literature tests were selected on the basis that they evaluated 
individuals for signs of dysfunction in the neck shoulder and upper limb, demonstrated 
reasonable reliability, were safe and non-invasive, required minimal equipment and were 
commonly used in clinical practice. The tests selected for this study addressed the 
components as summarised by Hagberg [9] and included specific functional testing 
which included balance assessment, movement patterns and joint palpation 
These specific tests were also selected in order to address the issue of early detection of 
often sub clinical or unnoticed pain and or dysfunction, and of potential good utility for
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evaluation in the work setting, as they do not require extensive technological support 
and clinical expertise [56, 57, 34, 36, 44, and 43].
Diagnostic testing in clinical practice tends to incorporate a number of tests and relevant 
history in a serial manner to confirm or rule out a clinical syndrome or specific 
pathological entity. The tests evaluated in this study were assessed individually in order 
to determine which tests may be appropriate for a focused screening evaluation as 
opposed to the formulation of diagnostic categories. Table 1 summarises the selected 
tests.
Scoring
The examination tests were scored categorically 0: no abnormality detected, 1: 
dysfunction or abnormality detected and 2: dysfunction, abnormality detected and pain 
provocation. Tests were considered positive with a score of 1 or 2. Tests were grouped 
to evaluate the neck, shoulder, upper back, elbow/ forearm and wrist hand and fingers 
[2].
All examinations were carried out by the principle investigator Dr JP Weston a registered 
chiropractor and former director of the University of Surrey chiropractic teaching clinic. 
The screening examination was piloted for usability in the clinical chiropractic setting. 
While no evaluation of reliability was undertaken the protocol was performed by only 1 
experienced clinical examiner and therefore may have some internal consistency. The 
reliability of clinical signs in the upper extremity has been found to be good to excellent 
in previous studies [58, 59, 60, 61, and 62].
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in order to minimise misclassification, criteria were weighted in order to identify true 
positive findings. Specific end points and criteria were outlined for each examination test. 
For example, range of motion testing required marked limitation (>30%) and/or pain 
provocation in order to be classified as positive. Classification criteria are outlined in 
Table 1. Classic diagnostic criteria were not searched for in this study. The general 
functional status of the individual and the number and degree of positive regional 
findings were assessed bilaterally.
Statistical Analysis
The sensitivity and specificity of the screening tests were calculated for the neck 
shoulder region according to Altman and Bland [63, 64]. Sensitivity provides a measure 
of the ability of the screening examination to identify cases. The specificity provides a 
measure of the ability of the screening protocol to identify non-cases who are also 
diagnosed as non-case. Predictive value, likelihood ratios and confidence intervals for 
proportions were also calculated.
The questionnaire data and examination scores were coded and entered into SPSS 12 
for analysis. Subjects were categorised into cases and non-cases of chronic recurrent 
mechanical neck, upper back and shoulder pain by reported symptoms for each 
assessed body region. Contingency tables were formulated for each physical 
examination test versus case or non-case. A positive test was graded as 1 or 2 and 
negative as 0. Case criteria were determined by the self, reported 12 month symptom 
characteristics.
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As there is no general agreement about what the acceptable levels of sensitivity and 
specificity for an assessment test are. An 80% cut off for acceptable levels of sensitivity 
specificity and predictive values was used in this study [65]. Confidence intervals for 
proportions were calculated using software from dimension research.com.
Results
63 participants were assessed by questionnaire and underwent the physical examination 
protocol. 49 participants (77.8%) met the case criteria i.e. self-reporting moderate neck 
shoulder pain and or discomfort greater than 3 times in the last year, lasting greater than 
1 week in duration. Fourteen participants (22.2%) were classified as non cases. The 
prevalence rates for reported MSD’s were high with 77.8% reporting neck shoulder 
trouble, 23% reporting elbow forearm trouble and 32% reporting hand wrist and finger 
trouble during the previous 12 months. Participants reporting trouble during the previous 
7 days were 63%, 19% and 18% respectively for the 3 areas. Table 2 summarises the 
demographic data, reported frequency, duration and severity data.
Sample of workers surveyed
The population consisted of females with a mean age of 44 years ranging from 23-69 
years old. Job classification was primarily general administrative office work but also 
included some academic and post graduate student participants. The cohort spent a 
minimum of 15 hours/week at the computer in a predominantly general office 
environment. University administrative and academic staff was the primary source of 
participants. The cohort was employed at their jobs on average for approximately 10 
years (n=63 mean 9.98 SD 9.87).The average time per week spent on the computer was
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between 20-30 hours/week with 71.5% spending 20 hours/week or more at the 
keyboard. 10% of the population was spending greater than 40 hours week at the 
computer. The cohort spent an additional 5 hours/week on average in personal non work 
related computer use. Seventy-two percent of participants reported they felt that work 
adversely affected their general health and well being.
Participants were asked how stressful they found there job on a 5 point scale of not at all 
stressful, mildly stressful, moderately stressful, very stress full and extremely stressful. 
Fifty-seven percent of the cohort reported finding their job moderately to severely 
stressful.
Cases
Table 3 summarises the case group characteristics. The 12 month prevalence rate was 
78%. Seventy-three percent of cases associated their reported neck shoulder trouble 
with work activities. Seventy percent of cases were experiencing recurrent trouble on a 
weekly basis. The mean 30 day pain severity score was 5.58 (SD2.04). Mean age, length 
of time employed and hours per week at the computer were similar. The case group 
reported higher levels of work adversely affecting their health and work related stress.
Summary of physical examination test results: Table 4
In general the physical examination tests in this cohort demonstrated good sensitivity 
overall (>80%), poor specificity (<80%) and low likelihood ratios (<4). A number of tests 
demonstrated reasonable sensitivity and positive predictive values implying usefulness 
in screening for work related neck shoulder and upper limb disorders.
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For each domain the examination tests were ranked by sensitivity, positive predictive 
value and likelihood ratio for the 12 month data (Table 4).
Specific findings
Of the specific domains tested the Movement pattern group demonstrated the best 
overall sensitivity values. The following tests had sensitivities of 80% or greater. Sit to 
stand, mouth opening, T4 thoracic mobility, and shoulder abduction. The prone push up 
movement pattern, sitting respiration and neck flexion movement pattern were stili 
acceptable but slightly below 80%.
Of the Cervico-thoracic testing group the following tests had the best sensitivities; 
cervical stability, cervico-thoracic extension endurance, cervical ROM and lower 
trapezius strength. Shoulder ROM and Apiey’s scratch were the most useful shoulder 
tests. Of the balance group 1 leg balance eyes closed and the Fukuda Unterberger test 
showed acceptable values. Nerve irritability testing revealed the Slump test and Upper 
Limb Tension Test with highest sensitivity and positive predictive values. Palpation of 
joints and muscles revealed the lower cervical and upper dorsal areas as the most 
significant in identifying cases.
A number of tests demonstrated poor sensitivity and positive predictive values. These 
appeared to be related to overt pathology with more marked clinical signs and symptoms 
required for a positive finding. These included the cervical quadrant test, the tests for 
shoulder impingement; empty can test and Neer’s test, Cozen’s wrist extension test and 
elbow forearm range of motion generally, the Abduction External Rotation test and signs
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of hypermobility. The decreased prevalence of these conditions within this population 
most likely affected the validity values.
Discussion
Overview
The aim of this study was to evaluate the validity of a number of functional screening 
tests suitable for evaluation of early signs of MSD’s of the neck shoulder and upper limb 
in this cohort of working female computer users. While there have been a number of 
studies evaluating diagnostic criteria there appears to have been limited assessment of 
screening examination tests for these disorders. While symptom based questionnaires 
have demonstrated validity in comparison to clinical evaluation [68] individual clinical 
tests have not been assessed for validity in comparison to self report. Physical 
examination provides information not available through questionnaire and often not 
related to symptoms. Symptom surveys alone can often underestimate the clinical status 
of a population [53]. This necessitates the utilization of physical examination in addition 
to symptom questionnaires in order to help clarify current clinical status.
Tests within all domains exhibited good sensitivity for some tests (> 80% sensitivity). 
Specificity overall was poorer generally with movement patterns, cervicothoracic special 
tests, shoulder tests and palpation testing ail below the 80% threshold. Selected tests 
among the remaining categories demonstrated reasonable specificity. The positive 
predictive value was good throughout the domains however positive likelihood ratios 
were generally poor. This most likely reflects the high prevalence (78%) of self reported 
neck, shoulder and upper back trouble in this cohort. A number of tests would be
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suitable for screening purposes as they identify cases and exhibit a high positive 
predictive value. As the predictive value changes with the prevalence of the disorder 
they would be less suitable for the general population or lower prevalence rates such as 
those commonly reported for these types of disorder [69, 4], They aiso would be less 
suitable for diagnostic purposes and ruling out disease cases. This may be attributable 
to the non-specific nature of the testing and emphasis on mild to moderate disorders.
The tests that appeared to have the best sensitivity and positive predictive values in 
general involved stressing the involved neurologic, joint, muscular and ligamentous 
structures of the cervicothoracic region. This may have significance in that eariy or mild 
changes in the neuromusculoskeletal system may need increased stress in order to 
manifest consciously. Individual adaptability and habituation may contribute to the 
subclinical nature of non-specific conditions. Classic orthopaedic testing is limited 
however by the specific criteria required in order to classify the test as positive and may 
have limited applicability to non-specific mild to moderate disorders[70,49j.
Tests that assessed the muscular stability and balance of the involved area as 
demonstrated by movement patterns and muscle strength and balance assessment 
were useful. This is most likely due to the ongoing muscular adaptation to prolonged 
postural stress with subsequent patterns of tightness and weakness [45]. Neurologic 
assessment through the upper limb tension test and slump test indicated signs of nerve 
tension. This has been identified previously by Pascarelli and Hsu [51], Jensen [62] and 
Toomingas [47] and may relate to thoracic outlet type syndromes, interestingly balance 
testing demonstrated good sensitivity. Proprioceptive changes can be associated with 
dysfunctional areas particularly the upper cervical and temporomandibular joints [57, 44], 
Prolonged sitting may also inhibit postural control. Palpation for signs of joint
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dysfunction and tenderness appeared to be common in the involved areas and supports 
the other signs of musculoskeletal stress.
Tests that performed poorly included the, cervical quadrant test, Abduction External 
Rotation test, and specific testing of the elbow forearm and hand wrist, it may be that 
these tests require more advanced pathological changes in order to be classified as 
positive as evidenced by the relatively high specificities. As a result they are not as 
suitable for screening purposes.
King et al [72] in an evaluation of the validity of manual examination in assessing 
patients with neck pain found similar levels of sensitivity and specificity in their sample of 
173 patients with neck pain. They note the high pre test probability of symptomatic joints 
ensures a high sensitivity for an examiner accustomed to diagnosing these levels as 
positive. Under these conditions specificity becomes more important. This was a 
population with marked neck pain however. This current study has demonstrated 
specificities of a higher range and is concerned with a screening assessment as a 
component of a more rigorous evaluation. The likelihood ratios however are low and do 
compromise the ability of the test to discriminate.
Variations in classification criteria and examination technique may alter the comparable 
sensitivity and specificity values in comparison to other studies. In comparison to 
Toomingas [47] the Abduction External Rotation test had lower sensitivity and higher 
specificity. The palpation for tenderness of joints and muscles also demonstrated higher 
sensitivity.
18
Ohlsson et al [53] compared questionnaire with clinical examination and found good 
sensitivity for shoulders 92% and elbows 79%. The sensitivity of the Neck/shoulders 
combined was 77%. Specificity was reasonable ranging from 64-88 %. Again 
sensitivities are comparable but specificity much better in the Ohlsson study. The use of 
specific diagnostic criteria appears to generally improve specificity.
Case definition
The value of the case definition used in this study resides with its ability to easily 
separate significant differences between the case and non-case group and allow 
evaluation of the selected physical examination tests. As the purpose of the tests may 
not be primarily one of diagnostic categorisation it was felt that a gold standard of this 
nature was appropriate. This case definition allowed for a simple classification between 
those experiencing pain and dysfunction from those not. The 12 month data set was 
selected as opposed to the 7 day in order to target chronic low grade developing MSD’s 
as opposed to acute work related MSD’s.
Case misclassification is an issue that can influence the evaluation of diagnostic 
screening validity. The possibility of mis-classification was minimised by evaluating the 
self report data in relation to activity of daily living and pain scores between the 2 groups. 
There were substantial differences in the scores between the cases and non-cases [73] 
(Table 3). It is clear that the self reported cases represented a cohort that was 
experiencing moderate to severe levels of pain and notable dysfunction in activities of 
daily living.
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Reliability and bias
The examination was performed by the primary researcher JPW an experienced 
registered chiropractor. This implies a level of adequate intra observer reliability. Katz et 
ai [74] has reported that the opinion of an experienced clinician may well be an adequate 
gold standard for WRMD’s. All tests are used routinely in the clinical practice of JPW and 
are well documented procedures used in the evaluation of MSD’s in clinical practice [40, 
44]. The majority of tests have demonstrated reasonable reliability in previous studies 
[61, 75, 59, and 60]. The performance of the tests and their interpretation may vary in 
relation to the experience of the practitioner. This study did not include an evaluation of 
the interrater reliability of the examination tests. Assessment of intra and interobserver 
reliability is necessary to evaluate the ability of others to administer these tests.
Test selection
The tests were selected on the basis of their perceived ability to evaluate early signs of 
musculoskeletal dysfunction and or pain syndromes. Expert consensus advice was not 
sought for test selection. Knowledge of normal practice through a review of the literature 
and clinical experience provided test items which addressed the test objectives [76].
It is possible that this type of testing is identifying dysfunction at a pre-symptomatic level 
and the clinical significance of this type of testing requires further clarification. The 
utilisation of these tests provides a simple low tech approach to functional assessment 
that may play a role in the screening/surveillance of these conditions. They could provide 
a component of a serial testing protocol for the evaluation of working populations. The
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examination procedure was easy to perform and appeared to be well tolerated by the 
participants.
Scoring
Due to the qualitative nature of a number of the tests and the nature of the presenting 
condition the scoring system was weighted in order to identify clinical findings. The test 
findings were categorized as 0 no abnormality detected, 1 abnormal finding and 2 
abnormal and pain producing. Each test was defined with specific criteria that 
constituted a positive finding and then classified as pain producing or not. Positive tests 
were grouped as 1 or 2. Sensitivity values would fall using pain producing tests only.
Validity
The utilisation of sensitivity and specificity in evaluating screening assessment methods 
allows the evaluation of the validity of these methods [66, 67]. As a component of 
workplace ergonomics and health monitoring programs the purpose is to identify 
individuals at high risk and facilitate more in depth individual and workplace evaluations. 
The sensitivity must be adequate in order to identify those individuals at greatest risk 
and so receive further evaluation. Specificity is also important for limiting the number of 
individuals requiring further assessment and conserving time and resources.
The clinical assessment methods selected for this study were designed to provide a 
usable series of functional assessment methods with high sensitivity by incorporating 
overpressure on passive ranges of motion, movement patterns, balance assessment 
and nerve tension signs. While symptom questionnaires have been shown to reflect
21
clinical findings low correlations between symptom reporting, clinical evaluation and 
functional capacity evaluations in low back patients has been reported [77] This study 
evaluates screening tests as a possible indicator of clinical status. As individual tests are 
rarely diagnostic and no gold standard exists for the majority of WRMD’s of the neck 
shoulder and upper limb [78] further evaluation of potential cases would be required
Limitations 
Selection bias
Convenience sampling was used and resulted in a cohort with a high prevalence of 
reported musculoskeletal trouble and a low number of classified non-cases or controls. 
While this cohort consisted of a working population not under active care for MSD’s 
individuals with WRMD’s may have been more likely to participate. The selection of 
females only and the nature of this specific cohort do not allow extrapolation to the wider 
community of video display users workers with repetitive work tasks and males in 
particular.
While medical screening was a questionnaire component a standard medical history 
prior to the test battery may have provided a more detailed picture of the sample and 
allowed a comparison to currently used standardised diagnostic criteria. The worksites of 
these individuals were not directly assessed which limits the utilization of exposure and 
risk factor data.
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The questionnaire data was based upon subjective self report. The variability in self 
report data limits the generaiisabiiity of the case definitions and exposure data. Recall 
bias has been recognised particularly in 12 month data. Computer users may be more 
aware of neck and shoulder and upper limb symptoms and as a result demonstrate an 
expectation bias and lower reporting threshold. Shared expectations and possibly 
aspects of illness behaviour may have influenced perception and reporting of WRMD’s. 
Expectation bias of the examiner may also have influenced the perception and 
identification of mild to moderate physical findings, specifically spinal dysfunction.
Additionally only one examination was performed. The findings could certainly change 
over time with repeated assessment depending upon variation in occupational risk 
factors, exposure and development of clinical conditions. The clinical significance of 
these tests is unknown. It is assumed that they are representative of altered 
musculoskeletal dysfunction and associated pain syndromes. The relevance to 
presenting clinical conditions and reporting within the work environment is unknown.
The presence of a large number of physical findings in the non case group indicates that 
the control group was not free from musculoskeletal trouble. This may not be the case in 
other occupational groups and males. The high prevalence of reported disorders 
influences the positive predictive value and limits the applicability to a wider population 
of computer users. A decrease in prevalence will reduce the effectiveness of the tests 
particularly the positive predictive value.
Evaluating clustering of the key tests and assessing key tests in addition to the 
functional outcome measure scores and individual variables within the outcome 
measures would most likely improve sensitivity and predictive value [61]. Evaluation of a
23
screening protocol in relation to a full history and clinical assessment would evaluate the 
construct validity of the screening protocol in identifying true clinical cases.
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Conclusion
This study demonstrated a high prevalence of self reported musculoskeletal trouble in 
the neck, shoulder and upper limb. A high prevalence of physical signs and positive 
examination findings were also found in this convenience sample of 63 female computer 
users.
Of the examination domains which included observation, movement patterns, palpation 
of joints and muscles, muscle length and strength testing, orthopaedic stress testing and 
balance testing the tests generally demonstrated high sensitivity, low specificity, high 
positive predictive values and low likelihood ratios.
Specifically these tests included palpation of the lower cervical and upper dorsal spine 
for trigger points and joint dysfunction, the upper limb tension test and slump test for 
signs of nerve irritability, shoulder range of motion with overpressure and Apiey’s scratch 
tests for the shoulder, cervical range of motion with overpressure, lower trapezius 
strength, cervicothoracic extension endurance and cervical stability testing for the 
cervicothoracic spine, one leg standing eyes closed and the Fukuda-Unterberger test for 
balance and T4 mobility, shoulder abduction, and the sit to stand test for movement 
pattern assessment. Neck flexion, push up and sitting respiration demonstrated 
acceptable sensitivity levels but was slightly below the 80% cut-off.
These tests target the mechanical and neurologic structures of the neck shoulder area 
and provide additional stress to the involved tissues. They are also low tech, require 
minimal equipment, are easy to administer and well tolerated by subjects.
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While limitations of sampling and examiner bias limit the generalisability of these findings 
to larger non-specific populations the utilisation of clinical signs in the screening and 
surveillance of work related neck shoulder and arm disorders may provide additional 
unreported information. Limited clinical examination for early signs of musculoskeletal 
dysfunction could support symptom reporting and lead to earlier assessment and more 
effective management of developing WMSD’s. The role of functional physical 
examination test as a component of an active health screening and surveillance protocol 
in a working population should be further evaluated.
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Table I Physical Examination Tests
Movement patterns Reference Test summary/purpose Positive findings
T4 mobility screen [43 ,44 ] Mid dorsal mobility shoulder mobility Faulty movement pattern
Mouth opening [43,441 Temporomandibular mobility Faulty movement pattern
Shoulder abduction [43,441 Scapular stability arm abduction Faulty movement pattern
Sit to stand [43,441 Cervical muscle balance Faulty movement pattern
Push up test [43,441 Scapular stability Faulty movement pattern
Sitting respiration [43,441 Respiratory efficiency Faulty movement pattern
Neck flexion [43,441 Neck flexor coordination Faulty movement pattern
Supine respiration [43,441 Respiratory efficiency Faulty movement pattern
Cervicothoracic
Cervico-thoracic
extension
[81] Modified Biering-Sorenson for neck 
upper back endurance mobility
Decreased mobility <30 
second hold
Cervical ROM [55] cervical ranges of motion with 
overpressure joint muscle status
> 20% restriction/ pain
Lower trapezius 
strength
[80] Scapular stability Weakness/pain>3/5
Cervical stability [44] Supine hold head off table neck flexor 
strength
Weakness/pain
Seated posture [44] Postural assessment sitting Postural faults>3/5
Prone scapular 
abduction
[44] Scapular stability Weakness pain<3/5
Cervical quadrant test [55] Ext lat flex of cervical spine with 
compression facet irritation, lVF 
encroachment
Pain numbness tingling 
upper extremity
Cervical syndrome [44] Postural righting reflex assessment Leg length alteration
Shoulder
Shoulder ROM [55] Shoulder ROM with overpressure Limitation pain
Apley’s [55] Shoulder ROM Limitation pain
Empty can [55] Supraspinatus tendonitis pain
Neer's [55] impingement syndromes pain
El bow/fo rearm/wrist 
hand
Wrist hand ROM T55l Max ROM with overpressure Limitation pain
Wrist extension [55] Lateral epicondylitis Limitation pain
Elbow forearm ROM [55] Max ROM with overpressure Limitation pain
Balance
1 leg eyes closed [44] Stand 1 leg eyes closed balance 
assessment
< 20 sec
Fukuda Unterberger 
Stepping test
[44] Cervical Rotation extension march in 
place cervical spine balance 
assessment
Body rotation>30
1 leg eyes open [44] Stand 1 leg eyes open balance <20second
Veles test [44] Lean observe postural foot reaction Delayed postural foot 
reaction
Nerve tension
Slump [44] Nerve tension sciatic, dural Restriction pain
Upper Limb Tension 
Test
[44] Brachial plexus tension test Restriction pain
Silverstolpes [44] Pelvic dysfunction related to cervical 
problems
tenderness
Abduction external 
Rotation 1 minute
[47] Thoracic outlet syndrome Pain paraesthesia arm
Trigger point 
palpation
[55] Trigger point palpation 
Cervicothoracic upper limb
Local or referred pain 
Graded >2 0-4
Joint signs [79] Joint signs cervicothoracic spine 
Upper limb
Tenderness loss joint play 
Graded >2 0-4
Hypermobility [41] Thumb ext, elbows, knees, flexion Marked joint laxity 2/4 
tests
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Table II Summary of study sample characteristics
Characteristic Total sample Case Non-case
Sex female 63 49 14
Age
20-29 11 9 2
30-39 12 8 4
40-49 8 6 2
50-59 13 9 3
60-69 8 6 2
Total 51 38 13
Age mean 44.19(13.63) 44.26 (SD13.85) 44.0 (SD13.52)
Years of computer 
use mean
mean 9.98 (SD 
9.87)
9.55 (SD 8.93) 11.5 (SD 12.94)
Hours per week 
computer use
Total/% Total/% Total/%
10-19 (18) 28.6 (12) 24.5 (6)42.9
20-29 (15) 23.8 (14)28.6 (1)7.1
30-39 (24) 38.1 (17) 34.7 (7)50.0
40+ (6) 9.5 (6)12.2
Hours>20 week 75.5% 57.1%
Reported Job 
Stress
Not at all (7) 11.1 (5) 10.2 (2) 14.3
Mild (20)31.7 (13)26.5 (7) 50.0
Moderate (24 )38.1 (19)38.8 (5) 35.7
Very (10) 15.9 (10) 20.4
extreme (2 )3.2 (2 )4.1
Moderate - extreme 
job stress total
63% 36%
Work adversely 
affects health
79% 50%
2
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Table III Summary of Case Data
Characteristic Neck shoulder Elbow forearm Hand wrist fingers
12 month 
prevalence
(49)78% (14) 23% (20) 31.7%
7 day prevalence (40)63% (12) 19% (11) 18%
Associated with a 
particular work 
station or work 
activity
(35) 72.9% (8) 12.7% (11)17.5%
Frequency of 
episodes
Constant to 
weekly
(31)67.4% (10) 15.9% (14)22.2%
Monthly + (15)32.6% (3) 4.8% (5)7.9%
Duration
< weekly (31)70.4% (10)15.9% (10)15.8%
Monthly + (13) 29.6% (2) 3.2% (8)12.7%
Severity
Current (now) 
mean
(48)2.83 SD2.51 1.8 SD2.61 1.88 SD 2.65
Last 30 days mean (48) 5.58 SD2.04 3.0 SD 3.43 3.59 SD3.55
Previous Trauma 
yes/no
(11)23.4% (2) 3.2% (8)12.7%
Aggravating
Factors
Work (25) 54.3% (6)9.5% (5)7.9%
Sport (6) 13% (1)1.6% (2)3.2%
Home (5)10.9% (3)4.8% (3)4.8%
Absence from 
work
(11)22.4% (1)1.6% (2)3.2%
Treatment 85% (11)17.5% (19)31.1%
Decreased activity (7)11.1% (10)15.9%
Decreased work 
activity
(4)6.3% (5) 7.9%
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Policy Review
Work-related musculoskeletal disorders (WRMD’s) are a common cause of iil-health, pain and 
often disability. In 2001-2002, 40.2 million workdays were lost to WRMD’s (SWI 2001/2). The 
nature and structure of the society necessitates an ongoing presence and involvement in paid 
activity in and out of the workplace. Great Britain currently has a working population of 27.7 million 
people doing 29.5 million jobs (Support Programme Action Group 2003). The variability of work- 
related stress, both physical and mental has been shown to impact upon the health and well-being 
of the individual. Individual variability and reactivity to stressors has a bearing upon the reporting of 
injury or ill-health and active seeking of treatment for the resultant clinical disorders (Devereux et 
al. 2004).
The numbers of people reporting and presenting to health practitioners with resultant lost time, 
productivity and individual suffering is substantial within both industrialised and more recently, 
developing societies (WHO 2003). As a result of the scale of this problem extensive research has 
been undertaken and protocols/guidelines developed in order to assess, manage and prevent the 
onset of these conditions in order to reduce their impact upon the individual, business and society.
Policy analysis and framework
A number of policies have developed in response to these issues. The Faculty of Occupational 
Medicine (FOM) Guidelines for the Management of Occupational Back Pain (2000) is the primary 
policy that will be reviewed. Analysis of this policy in the context of its broader development with a 
review of the relevant actors, drivers and resistors. The socio-political context of this policy will be 
reviewed and its impact upon service development. It will outline the values that underlie the policy, 
the facts related to the specific problem area and the theoretical underpinnings of the policy area.
Defining the problem
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The criteria for evidence selection and evaluation will be twofold:
•  Evidence will be selected on the basis of its contribution to evidence based practice. 
Systematic reviews, guidelines and randomised-controlled trials will be targeted for selection.
•  Evaluative evidence selection criteria will include relevant government policy documents and 
professional guidance and standards that address and contribute to effective outcomes both 
positively and negatively on the management of WRMD’s, particularly occupational back pain.
Review of actors
The worker is the central figure within the work environment interconnected intimately with the 
employer if employed or the worker as employer in the self-employed scenario. The 
worker/employer is influenced primarily by government legislation interacting with European 
Union(EU) and World Health Organisation (WHO) directives. These directives are administered 
and enforced in the UK by the Health and Safety Council (HSC)/Executive (HSE) (H&S in GB 
2004).
A number of governmental departments are involved in the management of work-related ill-health 
in various capacities. These include the Department of Health (DH) (diagnosis/treatment), the 
Department of Trade Industry and the Regions (HSC/E regulation/guidance), the Department of 
Work and Pensions (employment) and the Department of Social Services (disability). Business 
lobby groups such as the Confederation of British Industry and the Federation of Small Business 
can lobby government and influence workplace policy as well as providing advice and assistance 
to employers. The individual worker/employer can be influenced by trade union activities as 
exemplified by the Trades Union Congress in a unionised environment which again work to 
influence policy and the occupational environment. The insurance industry represented by the 
Association of British Insurers can influence policy through the employers' liability compulsory 
insurance requirements (DWP 2003).
The individual worker's health is monitored by the nominated health and safety officer within the 
company (The Health and Safety System in GB 2002), occupational health practitioner, 
occupational health physician, occupational health nurse, occupational health physiotherapist (if 
available) and/or his/her primary care practitioner (General Practitioner) within the NHS. The work 
environment and worker can be influenced by outside health advice and/or clinical care through a 
network of practitioners including trainers, consultants, ergonomists, health psychologists, 
counsellors and private practitioners such as physiotherapists, osteopaths and chiropractors. A 
number of occupational health consultant companies provide a wide range of occupational health 
and safety services including NHS plus the occupational health arm of the NHS. Institutions such 
as the University of Surrey, can provide occupational health advice to the employer and health 
interventions for the employee. Individual practitioners are in turn influenced by the available 
evidence and training with respect to good practice in the management of WRMD’s. Due to the 
number of influencing groups and variety of areas covered by occupational health including 
WRMD’s, a complex interaction of policy drivers and resistors develops.
Extent of the problem
Musculoskeletal disorders are ubiquitous in the population. 60-80% of people will develop back 
pain at some time in their lives (Snashall 1997). It is one of the most common health reasons given 
for work absence. Neck, shoulder and upper limb disorders are a commonly self-reported 
conditions (Buckle 1999).
Musculoskeletal disorders include a wide range of inflammatory and degenerative conditions 
affecting the muscles, tendons, ligaments, joints, peripheral nerves and supporting blood vessels 
(NIOSH 1997). These include clinical syndromes such as tendonitis/osis and other inflammatory 
conditions, nerve compression disorders and osteoarthritis as well as other non-specific conditions 
such as myofascial pain syndromes and other regional pain syndromes. Commonly affected are 
the low back, neck shoulder and upper limb with the lower limb also reported more recently 
(NiOSH facts 2004). These conditions are common throughout the industrialise countries and
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result in substantial costs with associated negative impact on quality of life. Musculoskeletal 
disorders cause more work absenteeism and disability than any other group of diseases in the US, 
Canada, Sweden, Finland, and England (Punnet and Wegman 2003).
The World Health Organisation Expert Committee described "work-reiated" diseases as 
multifactorial, where the work environment and the performance of work contribute significantly as 
two of a number of factors to the causation of disease (WHO 1985). Work-reiated musculoskeletal 
disorders as defined by the WHO involve conditions that are significantly influenced by the work 
environment and the performance of work yet are multifatorial in nature. The work environment and 
the work performance are important but not the only factors to be considered. There remains 
considerable debate regarding the sources of risk, mechanisms of injury and potential for 
intervention strategies to reduce these risks (Punnet & Wegman).
These conditions exclude musculoskeletal accidents and include a variety of pain syndromes 
affecting the musculoskeletal system often characterised as cumulative trauma disorders (Yassi 
2000). Specific conditions include occupational LBP, tension neck syndrome, mechanical neck 
pain, shoulder impingement syndrome, lateral epicondylitis, carpal tunnel syndrome and a number 
of conditions affecting the lower limb such as osteoarthritis of the hip and knee, achilles tendonitis 
and plantar fascitis (EAHSW 2004).
The multifactorial nature of these conditions involves individual, psychosocial and physical factors 
that may contribute to the development or the prevention/buffering of these conditions (NRC 2001). 
Dembe (1996) has developed a pluralistic model of occupational disease which involves the 
individual, the healthcare worker, the work environment and many social factors that might affect 
this. Governmental, practitioner and professional involvement both in the macro and micro 
management of these conditions contributes to the complexity of policy development.
While work-related musculoskeletal conditions include those significantly related to or made worse 
by the work environment, their work-related ness has been difficult to quantify with the respect to
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causation due to the interaction of physical capacity, psychosocial factors, exposure to risk factors 
and individual reactivity. Issues of terminology and case definitions also contribute to the confusion 
(Yassi 2000). Recent reviews such as the NIOSH National Research Council/Institute of 
Occupational Medicine (2001) and the European Agency Safety and Health at Work report on 
WRMD’s (EU 1999) have established a relationship particularly in those workers exposed to high 
levels of risk. There is strong epidemiological evidence that physical demands of work; manual 
handling, lifting, bending, twisting, and whole body vibration can be associated with increased 
reports of low back pain, aggravation of symptoms and reported injuries (Waddell et al. 1999).
Impact of the problem
Musculoskeletal disorders are the most common occupational illness in Great Britain affecting 
approximately 1.1 million people per year (HSE d). in 1995/96 musculoskeletal disorders (msds) 
cost 5.7 billion. An estimated 12.3 million working days a year are lost to work-related msds in the 
UK. The HSE has estimated that WRMD’s cost employers 590-624 million pound a year base on 
95/96 prices (HSE 2004d).
A number of Labour Force surveys have been commissioned by the HSE examining self reported 
work-related ill-health in the years SW 111990, SWI1995, SWI1198/99 and SWI2001/02 (HSE 
2002c). The SWI01/02 survey indicated and estimated prevalence of 1,126,000 people in GB 
suffered from a musculoskeletal disorder which in their opinion was caused or made worse by their 
current or past work. 520,000 suffered from a disorder mainly affecting the back; 396,000 from a 
disorder mainly affecting the upper iimbs or neck; and 209,000 mainly affecting their lower limbs. 
An estimated 240,000 were new (incident) cases, 43% had a disorder mainiy affecting the neck, 
40% mainly affecting the upper limbs and 16% mainiy affecting the lower limbs. The estimated 
prevalence was higher in 2001/02 than the previous survey in 1998/99 but lower overall than in 
1990 and 1995.
According to the HSE commissioned Labour Force Survey of Self Reported Work-related Illness
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(HSE 2003/04f) carried out in 2005 , 5.7 million working days were lost from back injuries, 4.1 
million days were lost from work-related upper limb disorders, 13.4 million working days were lost 
to stress-related disorders (HSE 2002c).
It was estimated that 12.3 million working days were lost in 2002/02 through MSD’s caused or 
made worse by work. On average each person suffering took estimated 19.4 days off in that 12 
month period (HSE 2004f).
In Britain almost 10 million working days are lost each year due to work-related musculoskeletal 
disorders (9,862,000). Of these 5 million are due to back complaints, 4 million related to the neck 
and arms, while over 2 million lost days are caused by leg disorders. Medical costs for work-related 
back disorders are estimated at between 84-127 million, neck and arms at 32-104 million, and 
lower limb at 17-55 million. Direct and indirect costs to employers of WRMD’s are estimated at 
5,251 pounds per injured worker. Each person forced to stop working due to work-related illness 
loses an average of 51,000 pounds before retirement age (EASHW 2000).
From a European perspective it is estimated that the economic costs of all work-related ill-health 
range from 2.6-3.8% of individual union members’ gross national product. Approximately 40-50% 
of the costs will be for musculoskeletal disorders. 20% of GNP is lost through poor workability and 
poor work environments (WHO 2003). More than 600 million working days are lost due to work- 
related ill-health in Europe each year. Costs to business include lost production, staff sickness, 
compensation and insurance costs, losing experienced staff, recruiting and training, effect of 
discomfort and ill-health on productivity and quality of work of employees (EASWH inventory 
200d).
Unfortunately the SWI surveys are extrapolated from a population of only 98,000 and have only 
assessed people who have worked in the last 12 months. The self reported nature of the work­
relatedness of their condition is also subject to bias. Regardless of the methodological flaws 
WRMD’s are a common and costly problem.
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Occupational Back Pain
Back pain is commonly associated with work. In a 1998 MORI survey (Palmer et al. 2000) 40% of 
adults reported they had suffered from back pain in the last 12 months with 5% reporting they had 
taken time off work during the previous month due to pain. 13% of sufferers who were unemployed 
mentioned back pain as a reason they were not at work. Nearly 40% visited a GP and 10% a 
complementary practitioner, osteopath, chiropractor or acupuncturist. Outpatient attendance for 
back pain rose fivefold in the decade to 1995 and the number of days of incapacity from back 
disorders, for which social security benefits were paid, have doubled (CSAG 1995) The total 
estimate of days lost including short spells is in the region of 90-150 million (Jayson 1996). The 
DSS figures for sickness absence from back pain alone have amounted to 90 million a year for the 
past 5 years until 1997/98 (Frank 2001). The CBI estimates that back pain costs £208 for every 
employee each year and approximately 430,000 people in the UK are receiving social security 
benefits primarily for back pain (Carter & Birrell 2000).
Legal Overview 
Statutory framework/duties
The rights and obligations of employers and employees concerning health and safety at work are 
derived from four main sources:
•  The common law -  law arising from decided cases;
•  The Statute law
•  Employment contract
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•  The European Union
The strategies towards work-related ill-health within the UK are linked to the EU directives, 
primarily the Framework directive 89/391/EEC (1989) which contains basic health and safety 
provisions in the work place, which in turn is supplemented by individual directives. The objective 
» of the framework is to ensure a higher degree of protection of workers by implementation of 
preventive measures to guard against accidents at work and occupational diseases and through 
the information consultation balanced participation and training of workers and their 
representatives (EAFISW 89).
Key EU directives (statutory instruments) introduced in 1992 have significantly altered the 
legislation regarding WRMD’s in Britain which includes:
•  The Management of Health and Safety at Work Guidelines 1999;
•  Safe Use of Work Equipment Provision and Use of Work Equipment Regulations 1998;
•  Manual Handling Operations Regulations 1992;
•  Workplace (Health Safety and Welfare) Regulations 1992 ;
•  Personal Protective Equipment at Work Regulations 1992;
•  Use of Display Screen Equipment 1992. (HSE 2002)
The Framework directive 89/391/EEC (1989) outlined the following key responsibilities to 
employers:
•  Assessment of risk;
•  Reduction of risk;
•  Monitoring of risk;
•  Training and information for workers;
•  Health surveillance for workers;
•  Adequate supervision for workers;
•  Active involvement of workers in H&S matters;
•  Adequate reporting of H&S issues.
Forming the basis of British health and safety law, the legislative framework of health and safety at 
work consists of the Health and Safety at Work Act 1974 (HSE 2004). This act places a wide 
ranging duty on employers to protect the safety, health and welfare of their employees.
Regulations under the HSAW 1974 and other legislation place specific duties on employers 
relating to risk assessment, health surveillance, managing health in certain sectors, fitness for work 
in occupations related to public safety, protecting the vulnerable and employing the disabled.
These duties are qualified by the principle of "so far as reasonably practicable." Wherever possible 
regulations express goals, general principles, and detailed requirements placed in codes and 
guidance (HSE 2003). This allows a degree of flexibility and independence with respect to 
complying with the legislation. Employers must evaluate the risk and take sensible measures to 
resolve them.
The Health and Safety Commission and Health and Safety Executive are non-departmenta! bodies 
with specific statutory functions in relation to health and safety. The commission is appointed by 
the Secretary of State for Transport, Local government and the Regions who in turn appoint the 
executive. The commission’s statutory responsibilities under HSAW 1974 include proposing health 
and safety law standards to ministers. The Health and Safety Act and related legislation is 
enforced by the HSE (HSE 2004).
In contrast with other EU states there is no duty to buy in or provide occupational health services. 
The management of Health and Safety at Work Regulations 1999 require employers to appoint 
competent persons to fulfil their statutory responsibilities. In association with the approved code of 
practice the preferred way of complying is to appoint people from within the workforce.
The Safety Representatives and Safety Committees Regulations (1977) and the Health and Safety 
Consultation with Employees Regulations (1996) require employers to consult with employees on
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health and safety matters (HSE 2002). HSWA (1974) places duties on employees to take 
reasonable care for the health and safety of themselves and others.
Section 2 (1) requires employers to take "reasonable care" in the workplace "as far as reasonably 
practicable." Again the need to reduce risks and take appropriates action lies behind this language. 
This requires that good practice should be followed whenever it is established and for the duty 
holder to "take precautions up to the point where the taking of further measures would be grossly 
disproportionate to any residual risk."
The main requirement of employers is to carry out regular risk assessments under the 
Management of Health and Safety at Work Regulations (1999) (SI 1999/3242) reg 3 and reporting 
accidents and incidents at work under the Reporting of Injuries, Diseases and Dangerous 
Occurrences Regulations(RIDDOR) (1995) (SI 1995/3163). Other requirements include the 
implementation of necessary health and safety changes identified through the risk assessment 
process.
There is also a clear duty at common law for employers to ensure that the job applicant is fit for the 
job in order to protect the applicant's health and safety and that of others. Carrying out an 
adequate pre-employment medical assessment will go a long way to ensure that this duty has 
been satisfied (THSS 2004).
Political ideology and policy directives
The current Labour party has no published specific policy regarding WRMD’s and their 
management. It does outline its core values as:
•  social justice;
•  strong community and strong values;
•  reward for hard work;
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•  decency;
•  rights matched by responsibilities. (Labour party 2004)
As the Labour party was set up in 1990 to fight for representation for the Labour movement - trade 
unions and socialist societies - in Parliament, the party has had a tradition of supporting workers 
rights. Work-related ill-health is a fundamental component of protecting workers rights. The Labour 
government in power since 1997 has articulated its approach and policy to WRMD’s and ill-health 
associated with these disorders through a number of government initiatives and programmes 
within a range of departments.
The white paper, "Saving Lives, Our Healthier nation" (OHN) report (DoH 1999), introduced under 
a Labour administration, states as the primary goal of the health system: "to improve the health of 
the population as a whole by increasing the length of people's lives and the number of years 
people spend free from illness. In order to improve the health of the worst off in society and to 
narrow the health gap," a national contract for better health was proposed in which government, 
local communities and individuals would work in partnership to improve health.
In the Statement of Intent (1999) the DH and HSC/E identified three settings for action: schools, 
neighbourhoods and workplaces. The healthy workplace setting was identified as a key component 
to improving people's health. It outlines the goals of putting health into the culture of work 
organisation, management and design. This would encompass actively promoting a healthy 
workforce, recognising individual health needs or limitations and minimising exposure to and 
maximising control of risk. This would also include access to occupational health advice and 
support. The following policy goals were stated:
•  Identifying and promoting examples of good practices for handling key workplace health issues 
such as back pain and disseminating the resuits in usabie forms;
•  Making available appropriate up-to-date information which reflects available evidence and uses 
aii forms of media;
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•  Encouraging better access to services and helping to provide a bridge between prevention, 
treatment, and rehabilitation;
•  Helping to promote compliance with relevant workplace legislation.
This reflected a partnership between the DH, HSC/E and other government departments to 
achieve the wider aims of the OHN in the workplace, which were to improve the overall health of 
the population and to narrow the health gap (DH 1999).
Revitalising Health and Safety (HSC 1999-2000)
Following the OHN white paper, the Revitalising Health and Safety strategy was launched in 2000 
jointly by the DETR and HSC/E 25 years following the Health and Safety at Work Act 1974.
The aims of this programme included:
•  Inject new impetus into the health and safety agenda;
•  Identify new approaches to reduce further rates of accidents and ill-health caused by work, 
especially related to small firms;
•  Ensure the relevance of health and safety regulation over the next 25 years;
•  Gain maximum benefit from links between occupational health and safety and other 
government programmes.
This was the Labour government's first effort at setting targets for the health and safety system of 
Great Britain. The stated targets were:
•  Reduce the number of working days lost from work-related injury and ill-health per 100,000 
workers by 30% by 2010;
•  Reduce the incidence rate of fatal and major injury and accidents by 10% by 2010;
•  Reduce the incidence rate of work-related ill-health cases by 20% by 2010;
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•  Achieve half the improvements in targets by 2004.
The targets were underpinned by a strategy that included:
•  Promotion of better working environment;
•  Promote the contribution of a workforce that is "happy, healthy, and here" to productivity and 
competitiveness;
•  Prioritise occupational health;
•  Need for positive engagement of small firms;
•  Motivate employers to improve health and safety performance;
•  Cultivate a culture of self-regulation;
•  Promote partnership on health and safety issues;
•  Government must lead by example by demonstrating good practice in health and safety
management.
This document was the precursor to the HSC/E Occupational Health Strategy (2000). "This new 
strategy was to take a wider view of occupational health considering not only the preventive side of 
controlling effects of work on health, but also how health impinges on work, and the contribution 
that occupational health can make to rehabilitation." (Revitalising Health 2000)
Healthy Workplace Initiative
The Healthy Workplace Initiative (DH 1999) was an initial program set out in order to develop the 
priorities of the OHN white paper in the context of the health of people of working age sponsored 
by the DH and HSE. The main elements of a healthy workplace as identified by the government 
included:
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•  An organisational culture that actively promotes a healthy workforce and recognises the 
benefits of better health for the business prospects of the organisation;
•  Management practices including work design that recognise and value the contribution of the 
individual to the workplace;
•  Health and safety management arrangements that minimise exposure to risk and maximise 
control of risk and include access to occupational health and safety.
This initiative was said to place health in the mainstream of business thinking and organisational 
development improved health resulting in improved productivity, lower rates of sickness, less time 
to recover and a quicker return to work and fewer accidents and less illness. In conjunction with the 
Revitalising Health Initiative these strategies, while laying out broad targets and concepts, 
contributed little to the practical improvement of clinical occupational care.
Back in Work
An example of the healthy workplace initiative was the "Back in Work" pilot project which 
encouraged small and medium sized employers to become aware of the issue of occupational 
back pain and supported appropriate action such as developing appropriate guidelines and 
providing early access to assessment, treatment, rehabilitation and return to work (Back in Work 
Information document 1999).
While this was an initial attempt at influencing WRMD’s, it is significant in advocating a wider 
influence of work and health by putting the focus back on improving health as a positive outcome.
It also addresses issues of organisational culture and management practices that can adversely 
influence health and well-being. The trend in the language of these documents was to focus upon 
health within the workplace and encourage positive benefits of staying at work and productivity.
A strategy for workplace health and safety in Great Britain to 2010 and beyond
Of primary importance to policy regarding WRMD’s is the HSC/E 10-year plan Securing Health
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published in 2000 which outlines the strategy of achieving the Revitalising Health and Safety 
position paper. The HSC/HSE developed the long-term occupational health strategy for England, 
Scotland and Wales in response to the problems of ill-health at work and its commitment to its 
stated priority theme of occupational health. Government policy is clearly articulated stating: "there 
are strong moral, legal, and economic reasons for employers and others in position of 
responsibility to ensure that work does not damage the health of workers or members of the public, 
people are not excluded from work due to ill-health or disability; and individuals who have been ill 
are rehabilitated." This 10-year strategy outlines the following aims:
•  Reduce ill-health both in workers and the public caused or made worse by work;
•  Help people who have been made ill, whether caused by work or not, to return to work;
•  Improve work opportunities for people not currently in employment due to ill-health or disability;
•  Use the work environment to help people maintain or improve health.
"This occupational health strategy demonstrated government commitment to an initiative that will 
help save lives and promote healthier living in Great Britain" (Securing Health Together 2000).
The new occupational health strategy was to be utilised to promote good health as well as to cope 
with the consequences of poor health. Priority was given to a suite of targeted programs which 
included musculoskeletal disorders and work-related stress. Improved musculoskeletal health and 
rehabilitation in conjunction with the Department of Work and Pension and provision of nationally 
available advice and support focused primarily on occupational health, active in preventing ill- 
heaith, promoting rehabilitation and getting people back to work more quickly were stated goals.
If 3 of the headline targets are reached by 2010, the gross savings to society is estimated at 
between 8.6 and 21.8 billion (HSC Strategy 2000).
Occupational Health Advisory Committee Report and Recommendations on Improving Access to 
Occupational Health Support
15
In July 2000 the HSC and DH jointly published a report by the HSC's occupational advisory 
committee; Report and recommendations on improving access to occupational health support. It 
was developed in order to address the lack of access to occupational health support in small and 
medium sized enterprises that may contribute to health inequalities in the working population. The 
program outlines the delivery of occupational health support through local partnerships, 
behavioural change, promoting awareness and more occupational health training for health 
professionals (OHAC 2000).
Government policy primarily directed through the HSC/E is promoting a vision of improved health 
in the workplace utilising the workplace as a venue to not oniy prevent but improve the health of 
the population. Specific application to WRMD’s and particularly OLBP is still developing.
Drivers
There is a wide variety of forces driving the development of health policy regarding WRMD’s. The 
Department of Trade and Industry report "How employers manage absence" (Bevan et al. 2002) 
outlines that employee absence from work, secondary to WRMD’s is gaining priority due to 
increased emphasis on employers duty of care towards employees, concerns to maximise labour 
utilisation in competitive marketplaces and the minimisation of the costs and disruption caused by 
absence from work. The recommendations of this report were that more effort should be put into 
managing and minimising the amount of absence due to illness.
Drivers of health policy regarding WRMD’s have been evolving since the introduction of the HSAW 
legislation in 1974 and are linked to a number of key issues and interest groups. Legislative 
compliance regarding risk assessment and the manual handling regulations 1992 (MH Regs 1992) 
are requirements that directly impact the development of improved policy.
One of the key drivers is the exponential growth in work-related disability particularly related to 
occupational back pain (CSAG 1994). This increase in work-related disability has resulted in the 
costs associated with lost time, productivity, retraining and insurance associated with litigation.
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These costs not only impact business but are resulting in increase medical treatment costs through 
the NHS and increasing disability decisions through the DSS. The personal costs to the individual 
him/herself and the impact on the family can also be high. Musculoskeletal problems are the most 
common reason for receiving incapacity benefit in the UK (DWP 2004).
Approximately 2.8 million receive state benefits on the grounds of medical incapacity to work at a 
cost of 7 billion /year (DWP 2004). The Labour force survey 1998/99 identified over 6.4 million 
individuals with a current long-term disability or health problem i.e. 18% of the working population 
(HSE SWI 98/99). The HSE estimated almost 2 million self reported work-related illness in Great 
Britain in 1995; back, neck, and limb problems represented almost 60% (HSE SWI 95). The DSS 
figures for sickness absence are around 90 million annually for the period 94-98. This burden is 
carried by the state in maintaining long-term treatment, disability, state benefits for unemployed, 
and loss of revenue from taxation. The total cost of back pain has been estimated at 1-2% of GNP 
in several countries (Woolfe 2001).
In spite of this musculoskeletal conditions which include WRMD’s are not a national healthcare 
priority (Frank 2000, Grayson 2000). The DH in recently outlining its current health priorities does 
not include musculoskeletal disorders (DH 2004). Interestingly the NHS does not have a statutory 
requirement to be involved in occupational health.
The government policy articulated in the Department of Work and Pensions Pathways to Work 
green paper (2002) outlines the importance of returning the worker to gainful employment. Nearly 
8000 individuals were assesses under the department's industrial injuries scheme in 2001-03 (HSE 
e). Another driver of WRMD’s health policy is the ageing of the workforce which predisposes 
individuals to work-related musculoskeletal disorders and who have a higher prevalence generally 
of musculoskeletal disorders (WHO 2003, Levielle 2004).
The health for all the policy framework for the WHO's European Region identifies musculoskeletal 
disorders as a target. The UN, WHO, governments as well as professional and patient groups have 
declared 2000-10 "the bone and joint decade with the aim of improving the health related quality of
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life of people with musculoskeletal disorders" (WHO 2003). However oniy 5% of national research 
council’s spending in Europe is allocated to musculoskeletal conditions in established market 
economies (Frank and Chamberlain 2001).
During 2002 there was a significant price increase in the employer’s liability insurance market. This 
resulted in a review into employer's liability compulsory insurance published in 2003 by the 
Department of Work and Pensions. 25% of the total employer's liability claims bill is for 
occupational diseases. A number of recommendations have been made which include incentives 
for better health and safety management and greater use of rehabilitation. A review of the use of 
vocational rehabilitation is currently under way by the DWP (2004).
The Health and Safety Commissions Strategy - "  a strategy for workplace health and safety in GB 
to 2010 and beyond" (2000) is a major driver of healthcare policy In relation to WRMD’s the 
principle of proactive management of health risks is the priority. It is also designed to strengthen 
the roie of health and safety in getting people back to work through a much greater emphasis on 
rehabilitation as a contribution to the wider government employment agenda. Priority has been 
given to musculoskeletal disorders and work-related stress within the framework of the strategic 
plan. As previously mentioned targets originally set in the Revitalising Health and Safety document 
were to reduce the rate of work-related ill-health by 20% by 2010 and cut working days lost by 
30%.
The Trade Union Congress (TUC) has called for a legal requirement for employers to have a 
rehabilitation policy framework in place (TUC 2004). According to the TUC the UK is failing to meet 
its minimum legal duty under the European wide health and safety framework directive. This 
binding law requires that all workers have access to preventive occupational health services. An 
independent TUC survey found the UK workers continue to work when sick due to perceived job 
pressures. This 'presenteeism' can result in lowered productivity and increased sickness levels 
(TUC 2004). The Association of British Insurers and the TUC announced that they are jointly 
working towards reorganising the currently inadequate rehabilitation system for injured and ill
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workers (Gibson 2000). The TUC has submitted evidence to the Work and Pensions select 
committee outlining their view on the importance of rehabilitation 07/04/2004.
The Confederation of British Industry (2001) reports the cost to industry/business due to sickness 
at 11 biliion/year with societal costs at 23 billion. It also advocates improved business management 
of occupational health and rehabilitation issues. The CBI suggests a problem with capacity of the 
NHS with inefficient delivery of public health. Insufficient priority of treating non-urgent illness, 
inefficient elderly care, poor use of inferior technology, failure to maximise key staff and insufficient 
diversity and contestability in service delivery contributes to this inefficiency. This results 
particularly in poor and timely management of WRMD’s. The level of expenditure in healthcare in 
the UK is 6.8% of GDP lower than in other developed countries. Obvious issues such as lost time 
productivity and re-training are issues that influence business and drive policy development (CBI 
2001).
The individual worker who experiences injury, disability, lost earnings and ill-health also drives 
policy development. The additional costs to the NHS provision of primary and secondary care are 
also significant. 7% of the adult population of working age visit a GP for back pain (McCormick et 
al. 1995).
Health professionals including OH Physicians, OH Nurses, Physiotherapists, Osteopaths, 
Chiropractors, Ergonomists, and Industrial Hygienists all have an interest in supporting optimal 
management of the worker experiencing WRMD’s. Within most professions are speciality groups 
with a specific interest in occupational health and specifically WRMD’s including occupational back 
pain, for example the Faculty of Occupational Medicine.
Continued health surveillance through the voluntary reporting of occupational diseases by 
specialist doctors (THOR) incorporates the MOSS; Musculoskeletal Occupational Surveillance 
Scheme by rheumatologists, SOSMI; the Surveillance of Occupational Stress and Mental Illness 
and OPRA; the Occupational Physicians Reporting scheme. All contribute to statistical
quantification of the extent of the problem of WRMD’s and feed into policy making (HSE e).
The Industrial Injuries Scheme provides statistics on the number of assessed cases confirmed as 
having some disability (>1%) from a prescribed disease, established and administered by the 
DWP. Compensation is provided for workers who have been disabled by prescribed occupational 
disease. Self-employed workers are not covered by the scheme (HSE e). Only well established 
conditions are prescribed, in conditions where there is long latency between cause and effect such 
as WRMD’s it is difficult to substantiate occupational cause. This can lead to under reporting to 
these conditions. Since April 1996 msds on the DWP list of prescribed disease have been 
reportable disease under RIDDOR.
In 2002 OPRA reviewed 5710 new cases of WRMD’s with 2260 seen in the MOSS scheme. Upper 
limb disorders accounted for two thirds of all diagnoses, back conditions 25% and lower limb 
conditions 6% made in the OPRA and MOSS schemes (HSE e).
While the number of reported new cases have remained relatively stable over the past years the 
numbers reported by to RIDDOR are rising with suggested substantial under reporting in 
comparison to other sources such as OPRA and MOSS (HSE e).
Estimates from the THOR schemes utilise an extrapolated sampling methodology that generates 
annual totals based upon much smaller numbers of actually reports cases. Additionally many 
workers do not have access to occupational physicians or fail to report less serious conditions.
This could lead to substantial under reporting.
Resistors
The resistors to an integrated health policy for WRMD’s in part stems from the wide ranging nature 
of the groups that are involved in this issue. At the governmental policy level particularly in relation 
to the extent of the problem of msds and WRMD’s particularly, most departments -  Health, Work
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and Pensions and Social Security -  do not view this issue as a priority. John Reid in a statement 
outlining DH priorities does not mention WRMD’s as an issue of priority for the NHS (DH press 
release 2004). Most other government departments address the side effects of this issue such as 
rising levels of work absence, disability, effect on employment and insurance costs. It is interesting 
that occupational health is not a part of the statutory requirement for the NHS (DH 2004). NHS 
Plus is providing occupational health services already provided to NHS staff for a fee to the private 
sector. The CBI notes that the NHS has substantial capacity problems particularly in managing 
non-life threatening conditions such as WRMD’s which can limit effectively policy (CBI 2001).
MSD's and WRMD’s perhaps because of their ubiquitous and non-life threatening nature are not 
perceived as a problem that requires significant attention. The high background prevalence and 
incidence of non-work-related msds also complicates the etiology of these conditions (Woolfe & 
Akesson 2001). While the epidemiological evidence is that WRMD’s are strongly associated with 
work-related factors, government may not be motivated to implement ergonomic and clinical health 
policy to address the issue. Recent events in the US demonstrate the hesitancy of government to 
introduce legislation requiring business to modify the risk factors within the workplace due to 
insufficient evidence (Baltimore Sun 2004).
Several reports (Akesson et al. 2003), particularly the OHAC of the HSC, comment upon the lack 
of adequate training and expertise within primary care to focus on the occupational issues and 
work-relatedness of these conditions. In conjunction with poor communication between the 
workplace and primary care, the management of individuals with these conditions suffers (OHAC 
2000, BONO 1997). The majority of businesses in the UK consist of small to medium size 
enterprises which rarely have occupational health provision. The OHAC in addressing this issue 
recommended improving awareness of occupational health was a priority. Lack of awareness of 
the issue and approaches to management limits the development of policy. Large firms with 
occupational health departments as well as SME's may resist policy development due to the 
perceived costs of providing effective surveillance, prevention, assessment and management of 
these conditions. It is estimated that due to inadequate surveillance the prevalence of these 
conditions may be substantially greater with associated greater real costs to society (HSE d). While
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EU and UK legislation encourages action "as far as reasonably practicable," the vague nature of 
the legislation with respect to these conditions may be limiting the introduction of effective 
management ofWRMD’s by employers.
The evidence base for effective interventions in the workplace may also be limiting the 
development of effective policy. Tveito et al. (2004) in a systematic review of low back pain 
interventions at the workplace found only exercise and multidisciplinary and treatment interventions 
have a documented effect on OLBP. Ergonomic interventions are limited due to the lack of RCT's 
and complexity of designing controlled studies (Silverstein &Clark 2004). While risk factors related 
to the work environment are widely studied, considerable work remains to be directed to individual 
susceptibility to WRMD’s and the interaction of risk factors within the work environment (Marras 
2001). Clinical evidence of effective management is also limited with problems in case definitions, 
largely self limiting natural history of these conditions and difficulty in producing meaningful ciinical 
intervention studies (Silverstein & Clark 2004, Fordyce 1995).
Most guidelines refer to a multidisciplinary approach, which limits integrated management due to 
the availability of and access to practitioners with appropriate expertise (OHAC 2000). The majority 
of workplaces are too small to support on-site occupational health specialists. Interestingly the 
occupational back pain guidelines were developed not in response to government policy directives 
but by the Faculty of Occupational Medicine. There are currently no guidelines for the management 
of work-related neck and upper limb disorders. Recent evidence has demonstrated the 
effectiveness of conservative care including manipulation in the management of these conditions 
(RCGP 1999). Further education of employees, employers, health professionals and policy makers 
regarding the nature and extent ofWRMD’s are required in order to facilitate more coherent policy.
Occupational guidelines for the management of low back pain (2000)
The review and guidelines were sponsored by Blue Circle Industries PLC and carried out by the
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Faculty of Occupational Medicine and the British Occupational Health Research Foundation as a 
community project.
It comprised a systematic review of scientific evidence in order to establish evidence based 
guidelines for the management of occupational back pain. The Faculty of Occupational Medicine 
commissioned a comprehensive review of the available scientific literature intended for health 
professionals undertaking the occupational health management of LBP. The focus was on 
interventions that might be considered appropriate for the OH practitioner to implement. The 
guidelines were designed to complement and to be used in conjunction with the Royal College of 
General Practitioners clinical guidelines for the management of low back pain (RCGP 1999) and to 
help facilitate improved links between the workplace and the community regarding back pain 
management. The guidelines consist of recommendations accompanied by evidence statements. 
The guidelines cover occupational health areas according to context which included:
•  Background;
•  Pre-placement assessment;
•  Prevention at work;
•  Assessment of the worker presenting with back pain clinical, occupational;
•  Management of the worker having difficulty returning to normal occupational duties at 
approximately 4-12 weeks.
The key issue that these guidelines highlight is the necessity of utilising a biopsychosocial 
approach towards the management of occupational back pain and related disability. This was in 
direct contrast to traditional symptomatic care advocating rest and passive care on an individual 
case basis. Prevention and management must include both psychosocial and physical factors. It 
was also highlighted that the management of these conditions required an established partnership 
with the stakeholders i.e. patient/worker, employer, occupational practitioner and genera! 
practitioner. Advice on current good work practice i.e. The Manual Handling at Work Regulations 
(1992), promotion of high job satisfaction and good industrial relations coupled with routine
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surveillance measures were also recommended (Carter & Birrell 2000).
Limitations in the evidence base were noted in the areas of pre-placement assessment, innovative 
education approaches to prevention and management specifically related to psychosocial issues 
and encouraging patients to take responsibility for their own self care.
Company policies and procedures, safety culture development, surveillance and monitoring were 
also noted as weakness and requiring further study. Further evaluation of early interventions to 
overcome obstacles to recovery, optimum make-up of rehabilitative programs and optimum 
integration of case management, active rehabilitation and return to work program is required. Cost 
effectiveness analysis is also necessary (Carter & Birrell 2000).
Clinical management was recommended to follow the RCGP guidelines 1999, a series of evidence 
based guidelines that evolved from the original CSAG 1995 guidelines, and mirrored the US 
Agency for Health Care Research guidelines 1996 for the management of low back pain. These 
guidelines advocated attempting to initiate communication with primary care professionals early in 
treatment and rehabilitation with the primary aim of care to maintain people at work or return as 
soon as possible even if they still experience some symptoms. The key recommendations of the 
RCGP guidelines (1999) included:
•  Evidence linked guidance on assessment and treatment of acute LBP in primary care;
•  Diagnostic triage;
•  Medication to control pain;
•  Avoid bed rest;
•  Promote activity;
•  Maintain /resume work;
•  Consider manipulation;
•  Rehabilitation if not active at six weeks.
Additional recommendations included: surveillance for those off work over four weeks, no
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requirement to be pain free prior to return to work, shift from passive treatment to rehabilitation and 
self management incorporating early intervention, modification of physical demands of the job and 
multidisciplinary rehabilitation.
The Clinical Standards Advisory Group Report on Back Pain (1994) addressed the issue of NHS 
services for LBP again highlighting:
•  Staying active with early return to work;
•  Biopsychological assessment at six weeks;
•  Development of dedicated services and multidisciplinary rehabilitative services for patients with 
non-specific back pain.
Service provision
The annual consultation rate for acute iow back pain is 35/100 adults (Dey et al. 2004). Over 7% of 
the adult population consult their GP for back pain in one year (McCormick et al. 1995). While most 
recent DSS statistics indicate a reversal of rising trends of benefits for back conditions, a 42% fall 
in incapacity benefit award between 1994-95 and 1999-2000, there is still limited change in clinical 
outcomes (Waddell 2003).
In a review of community based musculoskeletal services in the UK, Roberts et al. (2003) were 
concerned about a lack of data to support the effectiveness in terms of clinical outcomes, 
monitoring of service delivery standards and ongoing professional development of service 
providers. Waddeil (1996) commenting on the impact of current WRMD's policy upon service 
provision feels there has been a revolution in the management of OLBP. While this appears to be 
exemplified by modification of previously held biomedical mechanical beliefs and approaches to 
the management of msk pain syndromes to one that is encompassing a more holistic and 
integrated approach, it is limited in its practical application. There has been a cultural change from
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the rest to activity and from an isolated biomedical model to a multidisciplinary model, particularly 
in the case of OLBP. The issue of service provision and the impact of policy and guidelines is less 
clear. An assumption is made that the guidelines are adhered to and effective care is provided.
While the NHS deals with the majority of WRMD’s which should be managed through primary care 
(RCGP 1999), the efficacy of this management is suspect. The evidence suggests an approach 
that encompasses early assessment and triage, medication as well as advice to avoid bed rest and 
to maintain normal activities. Identification of patients with psychosocial yellow flags, such as belief 
that their back pain is harmful, which are risks for chronicity, is essential. Manipulation is 
considered for those patients not improving in the first six weeks by a suitable trained practitioner 
(AHPR 1996). Reactivation and reconditioning rehabilitation is recommended after six weeks. 
Behavioural management, reassurance and alleviation of distress seek to encourage positive 
attitudes and patient empowerment. As 10% of patients with LBP take up 90% of costs (CSAG 
1995), it is important to provide timely management and identification of these patients.
In case of occupational LBP the problem of who is best placed to provide this service is still under 
debate. There is a limited number of occupational physicians (600) involved primarily in larger 
sized enterprises (OHAG 2000). Only 8% of private sector establishments use health professionals 
to treat or advise about health problems at work (OHAG 2000). 68% of large employers use health 
professionals while only 5% of employers with less than 25 employees utilise them. Most small and 
medium sized enterprises rely on NHS and consultant services for their health and safety needs. 
The GP who already fulfils the role of assessing for fitness for work is usually the initial port of call. 
Guidelines developed by the DWP ” A guide for registered general practitioners -  advice for 
patients regarding fitness for work” (DWP), offer advice in this area. These guidelines recommend 
careful consideration of whether recommending refraining from work as the best clinical 
management approach.
Attempts are being made to coordinate primary care for back pain in order to improve outcomes. 
Rossignol et al. (2000) in a randomised trial recognised the difficulties of implementation of
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guidelines in a large community due to the multiplicity of medical and non-medical back care 
providers and products. The CORE intervention for back pain patients utilised 2 primary care 
physicians and one nurse in liaison with the treating physicians. It incorporated full assessment 
and management with support provision to carry out the recommendations. This example 
appeared to allow better integration of services, guideline adherence and improved outcomes.
Collaborations of GP’s and physiotherapy services are offered as an effective approach to 
managing back pain. Clayson and Woolvine (2004) outlined a service incorporating a walk-in clinic 
that utilised general practitioners and physiotherapy services in order to provide a speedy efficient 
and effective back pain assessment and treatment service. It found that the service was favourably 
received by both patients and healthcare professionals. Recent work however has cast into doubt 
the efficacy of the system of physiotherapy alone for the management of back pain, a primary 
traditional protocol for back pain in the NHS. In a randomised controlled trial (Frost et al.2004) 
found limited effectiveness for routine physiotherapy versus education by a physiotherapist alone.
Musculoskeletal medicine is an evolving specialty that bridges the gap between the GP and 
orthopaedic/rheumatology specialist musculoskeletal clinics in hospitals and primary care offers 
the opportunity for enhanced speed and effectiveness in the management ofWRMD’s (Grayson 
2001). Specialist groups such as occupational physicians, occupational health nurses, 
physiotherapists and complementary practitioners such as chiropractors with an interest in 
occupational health can provide expertise in the management of these conditions (Meade 1990, 
Manga 1993). Problems with education and expertise in the management ofWRMD’s have been 
raised even within the specialty of occupational medicine. This reflects upon the expertise in 
clinical assessment procedures, incorporation of manipulative care, and psychosocial intervention.
The concept of service provision in occupational health was addressed by the OHAC report (2000), 
particularly for SME’s, published by the HSC. Recommendations on improving access to 
occupational health support were aimed at "securing work fit for workers and workers who are fir 
for work.” It identified that the prevention of ill-health and amelioration of effects of health on work
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are primarily management issues. It recommended ensuring employers have access to 
advice/solutions and improving worker and employee awareness of when occupational support 
was required. Priority should be given to prevention and non-work-related illness which is 
compounded by work and rehabilitation (OHAC).
Through the healthy workplace initiative, Back in Work pilot programs are managing WRMD’s 
incorporating timely treatment and rehabilitation in order to facilitate early return to work. These 
pilot schemes are in several locations around the country (Back in Work 20004). The current DWP 
discussion paper on Vocational Rehabilitation (2004) hopes to integrate rehabilitation into the 
Pathways to Work framework thereby influencing employment. Training programs in occupational 
health for GP’s and other professionals in primary care is a priority particularly in the management 
of msds, psychosocial issues, and ergonomics (OHAC 2000).
Interestingly the DH has no statutory responsibility for occupational health. The DH has no clearly 
articulated policy, either, and/or priority health goals for the areas of musculoskeletal disorders, 
occupational health and/or specifically WRMD’s (DH). This will obviously have an impact on 
integration of service provision and utilisation of resources.
In 2000, the then Minister of Health, Alan Milburn noted: "There is a link between the employee’s 
physical health and the economic health of business” (NHS Plus 2000). In helping to address this 
issue and utilise existing occupational health and safety resources within the NHS, NHS Plus was 
initiated. NHS Plus is a network of occupational health services based in NHS hospitals. The 
network provides an occupational health service to the NHS staff and also sells services to the 
private sector.
In July 2000 the NHS plan described proposals for NHS plus as ”a portfolio of NHS occupational 
health services which can be then bought by employers to improve the health of their employees. 
There are currently 90 NHS Plus providers around the country.” Services specifically related to 
WRMD’s include:
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• Occupational health needs assessment;
• Risk assessment;
• Pre-employment assessment and screening;
• Health surveillance (health checks);
• Industrial injury assessments;
• Ergonomic advice;
• Lifestyle screening/advice and health promotion;
• A variety of other standard occupational services not related to msds.
This service does not specifically address the nature of effective management of occupational back 
pain nor provide treatment for specific work related conditions.
Fitness for practice is being encouraged particularly with occupational physicians and nurses with 
specialty educational requirements and certification in the area of occupational health. Good 
Practice Guidelines for Occupational Physicians have been set out by the Faculty of Occupational 
Medicine (2001). Good Medical Practice for Occupational Physicians is a specialty-specific 
interpretation of the GMC booklet Good Medical Practice, prepared by a working group of the 
Faculty of Occupational Medicine of the Royal College of Physicians, to guide occupational 
physicians and their appraisers. It was produced following extensive consultation with British 
occupational health specialist, the Faculty’s own Ethics Committee and the GMC, and was 
informed by comments from several other bodies such as the Trades Union Congress, the Health 
and Safety Executive, the Patient and Carer’s Committee of the Royal College of Physicians and 
Patient Concern.
A set of detailed explicit statements about good occupational health practice set out in words 
similar to those used by the GMC, will be of significance to practising occupational physicians and 
may represent a benchmark in situations of professional accountability in Britain. Guidance is 
offered on: providing and maintaining good standards of occupational medical care; teaching,
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training, assessing, and appraising; relationships with patients (consent, confidentiality and good 
communication); working in teams and leading them; dealing with complaints and conduct issues, 
probity (in, e.g. advertising services, writing reports, conducting research, and commercial 
dealings); and health problems that may put patient at risk.
Doctors who practise occupational medicine have a duty to uphold good standards of professional 
care. This document sets out in some detail the standards that they will need to meet.
The Faculty of Occupational Medicine of the Royal College of Physicians provides qualification and 
training to membership fellowship and specialist level. The Nursing and Midwifery Council also 
provides occupational nursing qualification. There are special interest groups in physiotherapy, 
chiropractic and osteopathy.
Discussion
The FOM guidelines for the management of OLBP have been generally regarded as a major 
advance in the approach to managing occupational LBP. The guidelines are evidence-based 
following a systematic review of the literature. They have been widely disseminated and appear to 
be generally followed. The guidelines have evolved from previous medical guidelines for the 
management of LBP, particularly the CSAG, AHPR and RCGP guidelines. Koes et al. (2001) in an 
international comparison review of management guidelines of LBP in primary care found 
consistency in content and diagnostic categories. There were discrepancies however for 
recommendations regarding exercise therapy, spinal manipulation, muscle reiaxants and patient 
information.
The guidelines for the management of occupational back pain are a good example of the trend in 
the assessment and management of WRMD’s. This incorporates active early detection and 
assessment following a triage approach to determine the level of severity of the condition.
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Assessment for psychosocial yellow flags is an important indicator of future potential chronicity 
(Pincus e t al.2002). Management should include minimal passive care proceeding to active care as 
quickly as possible which should include manipulative therapy followed by rehabilitative strategies 
by a trained professional. These guidelines have a number of limitations in both content and 
application in the wider healthcare system.
Staal e t al. (2003) in a subsequent comparison of international occupational health guidelines 
found an absence of proper external reviewing in the development process, lack of attention to 
organisational barriers and cost implications as well as lack of information on the extent to which 
editors and developers were independent. Dey (2004) noted that implementation of evidence- 
based guidelines had also been highlighted as problematic. The guidelines outline the need to 
recognise work as only one contributor to back pain. Back pain poorly managed can have 
devastating consequences, so the requirement of organisational systems to manage occupational 
back pain appropriately is vital. Provision of rehabilitative services within a month of a start of an 
episode of back pain to prevent the development of chronicity is highly recommended.
Evidence gaps in the literature and areas for further research included pre-employment 
assessment, innovative education approaches, company policies and culture, surveillance and 
early interventions. Active rehabilitation and cost effectiveness studies are also lacking (Carter et 
al. 2000). The concept that WRMD’s can be effectively screened for and managed if identified is a 
limiting factor in guideline application. The majority of WRMD’s are non-specific and by their nature 
difficult to diagnose. Subsequent clinical interventions have not been shown to be overly effective 
(Fordyce 1995). The preferred evidence-based approach is limited due to the iack of strong 
evidence for specific management and intervention approaches. Tveito et al. (2004) in a 
systematic review of LBP interventions in the workplace found only exercise and comprehensive 
multidisciplinary and exercise treatment interventions have a documented effect on LBP.
interestingly non-specific LBP is generally considered a self-limiting condition within the guidelines 
with the assumption that the majority of patients with the condition will resolve. Recent evidence
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reports that the majority of patients with LBP continue to experience unreported symptoms over the 
following year (Croft e t al. 1998). This evidence supports a model of chronicity and recurrence 
rather than one of attack and resolution. This could have repercussions on the surveillance 
assessments and effective implementation of the management guidelines.
The chances of returning to work are substantially reduced following incapacity benefit. There is 
only a 5% chance of returning to work after 6 months of sickness absence from back pain which 
decreases over a one-two year period (BSRM 2000). The concept of individual reactivity also has 
to be considered in relation to a population-based approach to prevention and management 
(Devereux e t al. 1999). Large scale non-specific interventions may not be the most appropriate 
approach in relation to the large variations in individual perception of issues of work stress and 
reactivity. A focus on individual capacities and susceptibility may be required. This may be 
important for policy, legislation and benefit contribution in encouraging the worker and employer to 
seek appropriate management, including rehabilitation at an early stage.
The existing system does not meet the guideline goals in several important ways. Promotion of 
early referral, assessment and rehabilitation in order to limit work loss is limited by the current NHS 
system. The details regarding WRMD’s are often not adequately elicited by primary care workers 
and not factored into the management approach (Frank & Chamberlain 2001). Involving 
stakeholders requires communication strategies that foster participatory activity by the involved 
groups, creating communities of practice (Bate & Robert 2002). Particularly in relation to clinical 
management there appears to be poor communication between the occupational health 
practitioners, primary and secondary care. Medical management has been cited as often an 
obstacle for return to work in conjunction with poor communication between practitioners (Anema 
e t al. 2002).
The individual healthcare model also appears to be changing back to a more systematic approach 
that acknowledges the multidimensional causation of disease and articulates a more systematic 
approach to management. The language of the Securing Health 10-year plan incorporates this
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new approach -  improving health not just addressing the symptomatic presentation of the 
individual. However in all policy documents reviewed the focus is on broad concepts and targets 
with little practical evidence-based approach to achieving the stated targets.
As outlined by the TUC and Association of British Insurers (Gibson 2000), the NHS appears to lack 
focus on WRMD’s and is not responding urgently and adequately to conditions related to work 
(TUC). There are also capacity issues within the NHS. Early active multidisciplinary care requires a 
system that can provide this. In a review of vocational rehabilitation services, the BSRM (2000) 
noted that the NHS waiting times are unacceptable, services are inflexible, the understanding of 
the impact of disease and disability on work is lacking, awareness of options to prevent work loss 
is lacking, inter agency working is poor, strategies of re-integration back into the workplace are 
poor, health-oriented treatment is not integrated with vocational rehabilitation strategies, there is 
little designated responsibility, inadequate access to health professionals, limited specialist skills 
and inadequate support offered for continual professional training are ail limitations to provide 
effective service.
The report notes that the potential value of occupational health services in facilitating employment 
and rehabilitation is poorly recognised by the NHS with uneasy relationships between GP’s, 
hospitals and occupational health practitioners. While the current policy of choice within the NHS is 
being advocated it is difficult to see the application of choice within this clinical group.
A case/care management approach could facilitate integration of services (von Korf 2004). While 
the general practitioner is ideally placed to provide this role, limitations due to time, training and 
ability to communicate impair fulfilment of this role. Specifically the areas of psychosocial 
interventions and assessment and management strategies for musculoskeletal disorders have 
been highlighted (OHAC 2000, Akesson et al. 2003).
The Wanless Report (2004) in reviewing the approaches to health improvement advocates a "fully 
engaged scenario” which represents a massive shift away from seeing the NHS primarily as a
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"sickness service.” Health services would also aim to keep people fit and those with morbidity and 
chronic conditions as active as possible (Wanless 2004). The positive attributes of work are now 
the focus going beyond minimising the negative (Wanless 2004). Proactive healthcare necessarily 
requires an integrated and bio psychosocial approach. The evidence and guidelines for the 
management of occupational back pain support this view. "There has been a complete reversal 
from a passive strategy of rest to an active strategy of advising and supporting patients to continue 
ordinary activities as normally as possible (Waddell 2003). The approach to WRMD’s is also 
evolving from a mechanical symptomatic approach and piecemeal ergonomic modification to one 
utilising holistic and integrated approaches such as participatory ergonomics and multidisciplinary 
care partnership to manage these conditions.
This approach includes the concept that msds are significantly work-related and can be influenced 
by work-related modifications and interventions. Controversy exists in the US about the relative 
importance of risk factors and the need for ergonomic regulations. The US Congress has twice 
commissioned and investigation of the relationship between msds and occupational risk factors.
A group of ergonomists and occupational health professionals recently boycotted a national forum 
on WRMD’s as the government in the US was not yet convinced by the evidence of work- 
relatedness and is not prepared to follow through with a regulated approach to workplace 
interventions (Marras 2001). In 2000 a bill was passed requiring companies to take and ergonomic 
approach to prevention and management of WRMD’s (Marras 2001). This highlights the political 
and economic issues that impact upon the debate.
The NRC /IOM report (2001) reviewed the relationship between work and msds. Its conclusions 
reinforced earlier systematic reviews in finding the weight of evidence justifies the identification of 
certain work-related risk factors for the occurrence of msk disorders of the low back and upper 
extremities. Modification of physical and psychosocial factors could reduce substantially the risk of 
symptoms for low back and upper extremities disorders. The evidence justifies the introduction of 
appropriate and selected interventions to reduce physical as weii as psychosocial stressors. The
34
development of integrated programs that address equipment design, work, procedures and 
organisational characteristics are necessary. Policy that supports implementation of preventive 
strategies will contribute to integrated clinical management.
The value of full employment, attempting to get people into work, keep them working and returning 
them to work following ill-health is clearly a government priority. A number of initiatives such as the 
DWP green paper Pathways to Work, Vocational Rehabilitation discussion papers and the 
Employer’s Liability Compulsory Insurance Review are ail driving the policy of full employment, 
with substantial influence upon the clinical management of OLBP. This is based on the theory that 
people are happier and healthier at work than not at work. There is some evidence that paid work 
contributes to improved health however this does not take into account low paid and unfulfilling 
roles in society performed most often by the disadvantaged of society who are already at risk of 
poorer health.
The demographics of the ageing population and the government recognition of the impact upon 
msds both in and out of the workplace has implications for maintaining employability and 
productivity. Preventing chronicity of these disorders and disablement are primary objectives 
(Leville 2000).
The growing body of literature that supports the interaction of psychosocial stressors in the 
development of WRMD’s is another example of the requirement of an integrated assessment and 
management package (Devereux e t al. 2004). This would require modification of focus and work 
culture, job design and flexibility to change. Knowledge management of information disseminated 
from centres of excellence and utilised appropriately by the employer, health professionals and 
also employees is also essential. The ability to clinical psychology services to provide appropriate 
treatment with current resources is unknown.
A healthcare provision both in and out of the workplace is also being recognised. Programs such 
as NHS Plus, the specialities of occupational health in medicine, nursing, physiotherapy and
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complementary professions such as chiropractic and osteopathy are all indicators of the intention, 
value, and opportunity to positively influence health in the work setting. The utilisation of private 
services within the NHS framework is still evolving. Manga (1998) in a review of complementary 
health coverage in Ontario advocated increased utilisation of chiropractic services in work-related 
management of neuromuscuioskeletal conditions complementary to medical practitioners. The 
recommendations of the OSAG to improve the training of GP’s and others in primary care in OH 
and the recommendations to improve communication between stakeholders in OH demonstrate 
the move toward integrate and informal management.
There is evidence that engaging the workers/patients themselves in active self-care following a 
self-efficacy approach will contribute to more positive outcomes. In a RCT the utilisation of a back 
book to modify health beliefs regarding back pain has been shown to be effective (Burton et al. 
1999). This reinforces the trend for responsibility of health and well-being toward the individual 
away from a paternalistic model of care and coincides with recent changes in DH policy regarding 
patient choice (DH). Further involvement of the stakeholders, particularly the workers, in the 
development of guidelines and strategies to achieve subsequent targets could facilitate 
implementation and development. Equitable availability of services particularly to disadvantaged 
groups is also an issue (Frank & Chamberlain 2001). While the concept of early return to work and 
activity is attractive, how workers in acute pain take this counterintuitive advice is debatable. The 
power of relationship between employer and worker and employee and occupational physician 
may impact reporting and lost time and promote ‘presenteeism,’ where workers stay at work with 
developing problems at the cost to productivity and future well-being. (CBI 2001).
The power relationships between occupational physicians, primary care practitioners and 
complementary practitioners may also impact upon the care provided to involved workers limiting 
integrated care and multiple approaches. Rossignol (2003) in an editorial The management of low 
back pain’ comments on the basic conflict between pain and return to activity and the difficulty of 
convincing workers to return to normal activities as quickly as possible. This conflicts directly with 
the right to health and the right to work in a safe environment. Rossignol highlights the differences
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in interpretation of the guidelines and a need for incorporating economic and policy implications in 
order to include all stakeholders. While the concept of choices is advocated by the DH, it is not 
clear that workers/patients have real choice in the area of WRMD's.
There is continued development of good practice guidelines for the management of WRMD’s 
including ergonomic approaches (Silverstein & Clark 2004). Best practice is illustrated in the areas 
that provide good organisational management in order to prevent and manage ill-health and 
disability (EASHW Good Practice 2004). Contemporary scientific literature, expert opinion, existing 
legal directives, guidance and standards and examples of existing practice all contribute to the 
development of good practice. Rossignol et al (2000) in reviewing and example of good practice, 
the CORE program, found improved outcomes utilising case management and co-ordinated 
management approach. Guzman e t al. (2001) however in a systematic review of multidisciplinary 
rehabilitation including intensive bio psychosocial intervention for chronic LBP, found contradictory 
evidence. While pain and functional improvements were demonstrated, it required daily 
intervention and it was unclear whether the improvements were worth the cost of these intensive 
treatments. The cost implications in terms of both time and resources have not been made clear in 
relation to the OLBP guidelines. There is a debate as to the necessity of further regulation as has 
been suggested by the EU (EAHSW 1999) versus the setting broad guidelines and outcomes 
backed up by relevant regulations that are enforceable, as preferred in the UK. The development 
of good practice necessitates dissemination and implementation of knowledge through vehicles 
such as the EAHSW and HSE.
Future trends in the development of WRMD’s health policy are revolving around the role that 
vocational rehabilitation can play in supporting job retention of iii and injured workers and the 
development of vocational rehabilitation guidelines. The DWP discussion paper ‘Developing a 
Framework for Vocational Rehabilitation’ (DWP 2003) outlines the desire to put rehabilitation 
frameworks at the heart of the response to injury and ill-health as a contribution to the wider 
government employment agenda. This has been followed by the Job Retention and Vocational 
Rehabilitation: a framework for discussion report prepared for the health and safety executives
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(Dibben & Cunningham 2004) in order to identify the key elements that would contribute to the 
establishment by employers of effective rehabilitation programs. The development of a national 
service framework for vocational rehabilitation, as has been suggested incorporating WRMD’s, 
would ensure national standards across the UK and would encourage good practice. While not the 
focus of this policy review, it could contribute significantly to the systems and processes required to 
provide effective systematic management of WRMD’s.
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Work-related musculoskeletal disorders (WRMD’s) are a common present condition to primary 
care practitioners. The epidemiologic evidence suggests a combination of physical, environmental 
and organisational factors interact with individual capacity in the causation of these disorders 
(Punnet & Wegman 2003, NRC 2001). Armstrong et al. (1993) models the development of 
WRMD’s as a balance of exposure to work related risk factors and individual capacity to adapt to 
those external stressors. Modification of physical and psychosocial factors could reduce 
substantially the risk for symptoms for low back and neck, shoulder and upper limb disorders. The 
evidence justifies the introduction of appropriate and selected interventions to reduce physical and 
psychosocial stressors.
Careful ergonomic assessment in order to minimise excessive stress has been recommended as a 
primary approach to the successful management of work-related back pain (Jayson 1996). Work- 
related MSD’s can be more effectively managed when work-related factors are appropriately 
assessed and addressed. Clinicians must play a positive role in the integrated management of 
these conditions by addressing the relevant risk factors and exposures (Yassi 2000). However the 
ability of primary care practitioners to adequately evaluate and manage the work-relatedness of 
these disorders has been questioned (OHAC 2000). Hagberg (1995) outlines the necessity for 
primary care expertise in health surveillance and control of risk factors for the effective 
identification and control of WRMD’s.
Chiropractors are primary contact practitioners concerned mainly with the relationship between the 
function of the joints, soft tissues and the nervous system and the impact of these disorders on 
health (Chapman Smith 2005) approximately 80% of chiropractic practice is for musculoskeletal 
pain with low back pain being the predominant complaint (Chapman Smith 2005). The profession
1. Introduction
1
offers a natural and conservative approach to health care stressing a biopsychosociai philosophy 
to health.
This Service Development Project addresses the issue of effective assessment and management 
of the work-related components i.e. ergonomic risk factors and exposures of patients presenting 
with MSD’s in a private chiropractic clinic.
2. Aims and Objectives
Aim:
The aim is to develop an effective care package that incorporates the evaluation and management 
of the work related ergonomic risk factors and exposures for musculoskeletal disorders in patients 
presenting in a private chiropractic setting.
Objectives:
1. Review current clinical practice
2. Develop ergonomic risk factor check-list for MSD’s.
3. Implement check-iist into chiropractic care pathway.
3. Process
Bennis et ai. (1976) outlines three strategies for change: rational-empiricai, power coercive and 
normative re-educative. The last one, normative re-educative, is most applicable in this project, 
requiring participation in change based upon a new understanding of current practice and 
commitment to formulating new approaches. An open systems approach will enable the change 
strategy to incorporate the organisation's interest (clinic and workplace), the practitioner's interests 
and the patient's interests to be addressed. Chin's 'Model for Changing' (Bennis et al. 1976)
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requires the organisation, practitioner's and patient's concerns to be assessed and incorporated 
within the forces that affect change.
Due to the small clinic setting the utilisation of a change agent to drive the process will also be 
incorporated (Bennis eta l. 1976).
Lewin's (1951) three-phase model of unfreezing, changing, and re-freezing is applicable to the 
development, implementation and reinforcement stages of the process, initially awareness through 
education drives the rationale for change and informs the work force decreasing the anxiety often 
associated with change. The implementation process addresses the structural, technical and 
people oriented issues of the process. This is followed by the reinforcement of the change through 
training, supervision and appropriate management.
Ewles and Simnett's (1999) planning model for health promotion was utilised to provide a generic 
framework to the service development project. The following stages were observed: identifying 
needs and priorities; setting aims and objectives; deciding the best way to achieve aims; identifying 
resources; planning evaluation methods; setting action plan; and action. See Appendix 1 for 
'Process Flowchart,' section 1-3 provides supporting material for the slide presentation.
4. Evaluation of Results
Clinical Audit
20 patient files referred from the Surrey Ambulance Service with known work-related history were 
audited for assessment of ergonomic risk factors and basic historical details relevant to the work 
relatedness of their condition. The process file audit form is in Appendix 1.
The process file audit was based upon standardised patient medical history taking and evaluation 
of work-related risk assessment. The audit revealed poor record keeping generally with respect to
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work-related issues. This could be attributed to inadequate forms and a lack of standardisation. 
Implementation of new forms with a related check-iist would be beneficial. While verbal advice was 
given, it was not documented. Deficiencies were noted particularly in job and task descriptions, 
history of previous work-related conditions, evaluation of the work environment, stress levels, and 
advice given. See Table 1.
Table 1 Clinical Audit
20 patient files Complete incomplete %
Age/ sex 20 0 100%
Job title 15 5 75%
Job description 0 20 0%
Occupational history 4 16 20%
Mechanism of injury 16 4 80%
Previous lost time 6 14 30%
Previous history of work-related 
injury/illness 5 15 25%
Work tasks/activities/movements 8 12 40%
Work-related risk factors 9 11 45%
Work station/specifics description 1 19 5%
Environmental considerations 1 19 5%
Work organisation 2 18 10%
Stress levels 4 16 20%
Advice 2 18 10%
Clinician questionnaire
5 practitioners were surveyed from 3 different clinics regarding their perceptions about work-related 
risk factors in the evaluation and management of musculoskeletal disorders. The questionnaire 
template is in Appendix 2. Table 2 summarises the key descriptive results.
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Table 2 Clinician questionnaire
5 practitioners/chiropractors
experience in years 1 7 3 22 9
important influence yes yes yes yes yes
routine questioning no
yes
(brief) yes no no
adequately trained yes no limited yes no
formally evaluate work 
setting no no no no no
provide advice yes yes no yes yes
Examples of clinician comments:
Work related risk factors are very important to the management of WRMD’s
Routine questioning is not used
More training /guidance would be helpful
Formal assessment is not used
A combination of advice, demonstration
Explanation and handouts are utilised
Patient questionnaire
Structured interviews with 18 randomly selected patients (13 females, 5 males, age range 25-52) 
under active care for MSD’s were conducted. The patient questionnaire template is in Appendix 3. 
Table 3 reviews the key findings.
Table 3 Patient questionnaire
18 patients yes no
condition caused or aggravated by 
work 14 4
stressed by work environment 13 5
evaluation of work station performed 6 12
received advice 8 10
The relationship between occupation and symptoms
Table 4 Occupation and ch ief com plaint o f patien t sam ple
Job description Chief complaint
IT project manger Neck shoulder
Accounts buyer Headache neck
Social worker Neck shoulder
Business administrator Thoracic pain
Decorator plasterer Neck pain
IT worker neck
Managing director LBP
Cleaner Shoulder neck
Accounts manager LBP hip
Senior tutor Neck shoulder
Head of school LBP hip
Call centre Neck shoulder
Midwife LBP
Labourer LBP
Student LBP
Senior tutor cervicothoracic
student LBP/cervicothoracic
The majority of patients (77%) felt that work-related stress contributed to their condition and that 
they felt stressed by their work environment physically and/or mentally. Less than half the sample 
had a proper work place assessment and was given specific advice regarding approaches to 
modify their environment. The primary stressors were static/postural, sitting, mental workload and
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stress. All patients felt they could benefit from a more relevant assessment and suggested 
modifications to their work environment.
5. Ergonomic Risk factor checklist
A prototype ergonomic checklist was developed based upon standard approaches to risk factor 
assessment (Hagberg 1995). See Appendix 4 for checklist developed for chiropractic setting.
6 . Discussion
Musculoskeletal disorders are the most common cause of work-related illness in Great Britain 
affecting approximately 1.1 million people per year. An estimated 12.3 million working days per 
year are lost due to work-related MSD’s at a cost of £5.7 billion (HSE 1995-96). Risk factors 
causing these conditions related to repetitive and heavy lifting, bending and twisting, repetitive 
activities, extreme work postures, excessive force, inadequate rest breaks, adverse environmental 
conditions, psychosocial factors -  job demands, time pressure, lack of control and not responding 
to early signs and symptoms of dysfunction. The World Health Organisation defines WRMD’s as 
those particularly caused by adverse working conditions, they may be aggravated, accelerated or 
exacerbated by work place exposures and they may impair working capacity, it is important to 
remember that personal characteristics, other environmental and socio-cultural factors usually play 
a role as risk factors for these diseases (WHO 1985).
These conditions are multifactorial in nature relating to individual, psychosocial and physical 
factors. Their optimal management necessarily involves integrated care which assesses and 
incorporates these three factors (Kilbom 1994). Akesson et al.. (2003) and the Occupational Health 
Advisory Council of the Health and Safety Commission (2000) have commented upon the lack of 
adequate training and expertise within primary care to focus on the occupational issues and work- 
relatedness of these conditions.
A number of government policy directives directly address the issue of improving occupational
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health. The 'Saving Lives, Our Healthier Nation' report (DH 1999) identifies the workplace as a key 
component in improving people's health. The 'Revitalising Health and Safety' document (HSC 
1999-2000), the Healthy Workplace Initiative (DH 1999), the 'Back in Work' programme (1999), 
and 'Strategy for Workplace Health and Safety in Great Britain to 2010 and beyond' (2000), all 
prioritise MSD’s and work-related stress with the stated goals of preventing ill health, promoting 
rehabilitation and getting people back to work. The 'Occupational Health Advisory Committee 
Report and Recommendations on Improving Access to Occupational Health Support' (2000) was 
developed in order to address the lack of access to OH support in small and medium-sized 
enterprises. It also highlights the lack of expertise and accessibility to quality primary care services 
for these conditions. While Government policy is promoting a vision of improved health in the 
workplace through prevention and health improvement in the workplace, it is not contributing to 
practitioner training and development (Wynn e t al.. 2003). In spite of this MSD’s are not a national 
health care priority, interestingly the NHS does not have a statutory requirement to be involved in 
occupational health and as such has no formal policy regarding occupational health generally and 
MSD’s specifically. Occupational provision is provided privately or through NHS Plus formed to 
offer a portfolio of NHS occupational health services which can be bought by employers to improve 
the health of their employees.
Chiropractors, one of a variety of primary care clinicians actively involved in the assessment and 
management of MSD’s, which often have a work-related component, can contribute to the effective 
assessment of these conditions through a more structured care pathway.
This Service Development Project evaluates how clinicians assess and manage WRMD’s and 
proposes processes/tools which contribute to this aim.
Limitations
The service development pilot project is limited by the small sample of patients and practitioners 
currently involved in the development process. The development of the audit format and
stakeholder questionnaires is a subject to bias and poor reproducibility. Future development of the 
assessment criteria and format would benefit from a multi professional panel incorporating 
clinicians, ergonomists, occupational health and human resources personnel. The needs and 
perception of the employer and effect upon the work environment have not yet been adequately 
evaluated. This could be a major issue regarding the provision of access to the work setting and 
subsequent modifications to the work environment. Further evaluation of the concerns of the 
organisation, clinicians/staff and patients is required, particularly the ability of the patient to make 
the identified changes to their work environment. External evaluation may be required to obtain a 
more impartial assessment.
Ethical Issues
Issues of data protection and confidentiality of information, particularly around informing the 
workplace of patients' condition and health care status is relevant. Inter professional 
communication, traditionally poor in occupational health (Bono 1997), is also an issue. Consent to 
release relevant clinical details may be required. Issues of accountability and responsibility for 
possible negative effects of recommended change may be relevant. The issue of competence in 
evaluation of work site risk factors is applicable to both clinical and patient assessment. While 
employers must exhibit a duty of care for their employees, there may be a conflict with addressing 
workplace issues and perceived liability. Tension between patient/employee’s needs and 
employer's requirements may create discord. Hagberg (1995) proposes 'it is unethical to send a 
worker back to work after a work-related injury without a full workplace assessment.’
7. Future Research Implications
This project supports the requirement for further ongoing clinical assessment of the work-related 
risk factors associated with MSD’s. The assessment criteria of both clinical findings and physical, 
psychosocial and personal risk factors have yet to be determined. The optimal method of delivery 
of this service and subsequent clinical intervention requires further investigation. While current
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research shows poor validity for patient self-assessment for more practical clinically based 
ergonomic risk assessment may be relevant. Currently the research direction considers further 
evaluation of valid and reliable methods for assessing work-related disorders and the interactions 
of the related risk factors, physical capacity and subsequent susceptibility. The Service 
Development Project has contributed to the evaluation of service user's needs for a 
musculoskeletal surveillance measure.
8. Conclusions and Recommendations
The training and implementation of a more structured assessment of WRMD’s and their ergonomic 
risk factors will enable clinicians to more effectively target potential environmental stressors and 
make meaningful recommendations to patients. This will empower patients to make modifications 
to their environment enabling them to actively participate in their care and promote self-efficacy. 
Awareness of ergonomic risk factors and appropriate discussion of change strategies will possibly 
contribute to better outcomes in clinical care.
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Table 5 Checklist for the Assessment of WRMSD risk factors
Low Back Yes No
Heavy physical work
Manual handling lifting carrying pulling pushing twisting bending and other 
non neutral trunk postures
Motor vehicle driving whole body vibration
Prolonged sitting
Monotonous work job dissatisfaction
Neck and shoulder Yes No
High mechanical forces
Heavy heimuts or other protective head gear
Repetitive shoulder flexion or abduction
Prolonged static work postures
Heavy physical work
Monotonous work job dissatisfaction haste
Elbow forearm wrist and hand Yes No
Repetitive movements of the hands
Gripping with high forces
Non-neutral postures of the wrists
Knees Yes No
Kneeling positions
Full squats
All body parts Yes No
Prolonged monotonous work in constrained position
Sharp edges of surfaces or tools compressing body parts
accidents
Psychosocial stress
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The primary area of exploration for this Doctorate of Ciinical Practice research project is 
the evaluation and clinical assessment of work related musculoskeletal disorders 
(WRMD’s), particularly in relation to the early detection, surveillance and implications for 
secondary prevention of these conditions.
The aim of the research component was to evaluate a functional screening examination 
consisting of simple easily administered tests for the early detection of non-specific 
WRMD’s of the neck shoulder and upper limb in a population of working female 
computer users. Secondarily, it was to explore the relationship between clinical findings 
on examination and self reported musculoskeletal disorders, activities of daily living 
assessments and psychosocial stress measures.
It was hypothesized that participants reporting symptoms will have corresponding 
changes in signs of physical dysfunction as assessed by these tests. See Appendix 1 for 
a framework of the research process and Appendix 2 which summarises the study 
objectives.
This research log book will outline the development of my research skills and provide 
evidence of the research process and decision making undertaken. It will review general 
considerations regarding topic selection, methodological issues, literature review and 
search strategies, sampling, ethical issues, analysis, dissemination and supervision.
Introduction
1
Research Question development
The preliminary selection of a research topic evolved from the general area of clinical 
interest i.e. the assessment and management of WRMD’s, into the specific area of work 
related neck shoulder and upper limb disorders in working female computer users. I 
initially wanted to develop a global integrated surveillance measure for work related 
MSD’s. It was obvious early on that this topic was much too ambitious for the time and 
resources available and through further discussions with my supervisors, and review of 
the literature, the topic area was focused to evaluating health surveillance/screening 
strategies for WRMD’s in a working population. Through the literature review female 
computer users were identified as a plentiful and well studied cohort, both clinically as 
well as with survey methodologies. This specific working population was selected in 
order to obtain a specific homogeneous cohort and make subject recruitment and 
selection simpler. This population was also deemed accessible through the university 
and local companies.
It appeared that while the area of diagnostic assessment and evaluation of WRMD’s 
was identified as important relevant little work had been targeted towards the most 
common category of WRMD’s; non-specific MSD’s. The current limitations of the 
diagnostic process and its limited relevance to screening and surveillance programmes 
were identified. This resulted in further theoretical refinement of the topic area evaluating 
MSD’s as a continuum of dysfunction, pathological change and symptomatic 
presentation.
Assessment criteria development and clinical assessment of work related neck shoulder 
and upper limb disorders identifying early signs of MSD’s became the focus. This was
2
particularly relevant to my clinical practice in both chiropractic and occupational health, 
and relevant to all primary contact practitioners dealing with MSD’s of both a work and 
non-work related nature.
Research approach and methodological design
The ultimate research design and methodology was focused upon exploring the clinical 
application of assessment strategies for WRMD’s in the occupational setting. A number 
of options were reviewed with respect to research design. A review of the theoretical 
aspects of the development of WRMD’s was initially undertaken. The evaluation of 
approaches to clinical evaluation requires a process of enquiry that evaluates the 
usability, clinical utility, reliability and validity of diagnostic testing. In evaluating a 
research question of this nature a variety of approaches were possible. Qualitative 
assessment of the work environment, worker perceptions and beliefs and practitioner 
views regarding WRMD’s were reviewed as areas of exploration. Evaluation of the utility 
of any assessment protocol through interview and/or focus groups was also an option. 
Subsequent review of approaches to the validation of screening and diagnostic 
evaluation methods for WRMD’s revealed standardised protocols for the development of 
valid and reliable testing strategies. As a result a quantitative epidemiological approach 
to evaluation of selected clinical assessment methods for the evaluation of mild to 
moderate WRMD’s affecting the neck shoulder and upper limb in a working population 
was selected. This was seen as an important initial step to addressing the specific 
research aims and objectives of this area of enquiry.
This approach integrated well with my current clinical practice activities related to the 
evaluation and management of WRMD’s, supervisory expertise and the requirements
3
professionally to provide informed and effective approaches to clinical care of these 
patients.
Literature search strategies
The search was systematic but not exhaustive and targeted clinical assessment of mild 
to moderate neck, upper back, shoulder and arm conditions of a work related nature.
The application to the target cohort of female computer users was incorporated. The 
nature and purpose of the testing was as a screening/surveillance protocol and spanning 
the area between questionnaire based approaches and full diagnostic examination. 
Appendix 3 summarises the literature search strategy and results.
Examination Protocol development
The development and selection of appropriate tests for this project required additional 
search strategies. Current standardised musculoskeletal assessment procedures and 
individual tests that were considered appropriate for the population and research aims 
and objectives were selected. Appendix 4 outlines the test selection criteria.
Recommended protocols and course notes were reviewed. The literature was reviewed 
for papers relevant to the assessment of utility, validity and reliability of these 
approaches. Discussions with colleagues and personal experience helped refine the 
selected testing protocol. Initially, in an effort to develop a full body integrated protocol a 
number of tests that assessed both the lower quadrant i.e. low back, hip and lower 
extremity were included. These tests were subsequently not included in the data 
analysis. The tests selected are widely used in the orthopaedic, chiropractic and
4
physical therapy communities for the evaluation and management of musculoskeletal 
disorders in the clinical setting. They have been found to be clinically useful for this 
group of conditions. Limited evaluation of reliability and validity of a number of the tests 
was noted. Particularly, those related to the evaluation of movement patterns. This was 
of concern regarding the clinical utility of the examination tests.
Ethical Issues
Ethics approval proceeded through the EIHMS school ethics committee and followed the 
outlined protocol for school submission. Appropriate clinical and liability insurance was 
obtained through the professional chiropractic body. As this project was being completed 
outside the NHS no additional ethical approval was required. Conditional ethical 
approval was obtained 15/11/06. Final ethical approval was received 16/01/07. Appendix 
5 reviews the school Ethics committee comments.
As this project involved clinical examination of participants a number of important clinical 
issues were raised. Consent was required. Verbal and written consent was obtained 
from all participants. The participant was able to question any procedure and withdraw at 
any time.
The examiner was blinded to the specific symptom status of each subject prior to the 
examination. As JPW was the only examiner some difficulty was experienced with 
respect to appropriate triage assessment and the specifics of any relevant symptoms 
and or history. Blinding of the examiner to any specific WRMD’s was maintained; 
however screening for general health indications was required and may have influenced 
the nature of the examination process. The subject was encouraged not to reveal any
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details of their current or previous MSD status prior to the exam. It was difficult to remain 
totally blinded to the participant’s initial condition.
Of primary importance was ensuring participant safety. Because of this a stringent entry 
triage examination was performed in order to rule out participation by subjects with 
contraindications to the procedure. While the tests were non-invasive and generally 
within the tolerance of most individuals any possibility of injury or aggravation was 
avoided. The subjects filled in preliminary questionnaires assessing their current health 
and musculoskeletal status in order to identify any possible contraindications to 
participating. Any contraindications identified by the researcher (a registered 
chiropractor) during the triage examination process were discussed with the patient and 
any further investigation expedited.
The possibility of an adverse reaction to the procedure was discussed and an 
appropriate response was planned. As a result it was subsequently decided to follow up 
the participants within 72 hours following the examination in order to make sure they had 
not experienced any adverse reaction to the examination. A number of tests were 
provocative in nature. A small number of subjects experienced mild discomfort or 
soreness which quickly resolved. While this is an issue that occurs routinely in clinical 
practice it was not initially considered relevant with respect to this study. The ethical 
process highlighted the differences between study participants and clinical patients and 
the importance of protecting the participant.
While this protocol could be administered by other practitioners it was decided to have 
the primary researcher perform all examinations. This was in order to maintain some 
consistency in application, evaluation and interpretation of test results. While no
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assessment of reliability was undertaken it was thought that this would provide some 
internal consistency. The examiner was blinded to the reported questionnaire data 
regarding location, onset duration, frequency and severity of any reported problems.
Confidentiality was maintained with no dissemination of test results. The occupational 
health representative at the U of Surrey EIHMS requested a summary of the study 
results. It was decided to wait until the final report was submitted with no information 
regarding individual findings reported. Individual participants were given a summary of 
their positive findings and basic recommendations for self care.
I found the ethical submission process of value in identifying issues that were not initially 
obvious such as improved clinical safety and follow up.
Sample selection
Inclusion/ Exclusion criteria
The selection of inclusion/exclusion criteria for subject selection was based upon current 
criteria as reported in the literature (Appendix 6). The clinical conditions targeted in the 
study were mild to moderate non-specific MSD’s. It has been reported that working 
female computer users have a high prevalence of this category of condition. It was 
assumed that even with diagnosable conditions the prevalence of associated non­
specific conditions would be high.
Based upon the literature review it was decided to target female subjects only. It is 
generally reported that they experience and report more work related MSD’s and
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particularly related to computer/ VDU usage. This facilitated homogeneity of the sample 
and helped reduce potential confounding variables related to gender. The sample was 
by necessity a convenience sample of volunteer participants.
The original cohort was to be work based not currently under active care for MSD’s of 
the neck shoulder and upper limb. Preliminary contact with several employers while 
positive did not develop into full participation. The lack of cooperation was frustrating 
initially and seemed to be related to the beaurocracy associated with larger institutions. 
It was decided to target full time employees (administrative, teaching) at the University of 
Surrey which provided a large group of potential subjects with the appropriate criteria 
and subsequently became the primary focus. Further convenience sampling through the 
primary researcher’s chiropractic clinics provided additional subjects. These subjects 
were not under active care and met the inciusion criteria.
In recruiting subjects it was difficult to not unduly influence individuals into participating in 
the study. The potential subjects were informed of the purpose and requirements of the 
study and left to make their own decision regarding participation. An email and poster 
campaign produced an initial influx of subjects which was followed by personal 
recruitment within the EIHMS.
Questionnaire design
The design of the questionnaire incorporated standard commonly used questionnaires 
and outcome measures that have been shown to be reliable and valid (Appendix 7). 
These questionnaires were assessed and selected by specific criteria that met the aims 
of this study.
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The questionnaire was perceived as long by a small number of participants. Some 
assistance was required for most subjects to complete the questionnaire fully.
Subjects were provided the questionnaires by email but had difficulty filling them out 
completely without supervision, so this was terminated. In retrospect the questionnaire 
included too many details and areas not specifically related to the research aims and 
objectives. Interestingly participants commonly omitted their age.
Examination
It became apparent that the exam was extensive and most likely included too much 
material for the purpose of the study. A small pilot study identified difficulty with certain 
tests and time and clinical relevance issues. As a result certain procedures such as gait 
analysis and side bridge endurance were subsequently excluded due to the difficulty of 
the tests and limitations of space. I initially found it difficult to make judgements 
regarding test inclusion/exclusion. Due to the difficulty in diagnosing specific mild to 
moderate non specific conditions a rehabilitative approach was used allowing for a 
continuum of dysfunction and pathology to be assessed.
The scoring approach for the examination tests was categorical;
0 normal
1 abnormal/dysfunctional
2 abnormal with pain
Tests were scored as positive only if obviously abnormal and or pain limited. Some tests 
required a majority of positive findings in order to be classified as positive. I found the 
performance of 63 examinations containing over 60 tests each a substantial workload 
and would certainly limit the number of tests in future work.
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Analysis
The study took an epidemiological exploratory approach to evaluating the relationship 
between reported musculoskeletal trouble, disability and stress scores and examination 
findings. It is descriptive in assessing the frequency of disorders in this specific cohort 
and analytic in its attempt to assess the relationship between specific examination 
findings and reported neck shoulder and upper limb trouble. A case control approach 
was used in order to assess the sensitivity, specificity and positive predictive value of the 
tests utilized between cases and non-cases. Correlation between high disability scores 
and examination scores was also examined.
For the analysis, subjects were categorized into cases and non-cases of recurrent 
mechanical neck, upper back and shoulder pain by reported symptoms for each 
assessed body region. Additional evaluation of subjects current status using the Neck 
disability index, Disabilities of the Arm Shoulder and Hand, visual analogue pain scale, 
pain diagram and psychosocial status assessment was undertaken. These provided 
numerical scores of disability and current functional status. Due to the predominantly 
categorical nature of the data obtained the quality of data is not as detailed as could 
have been obtained from a more interview based approach.
Case/non-case classification
The determination of case and non case varies from study to study. It was decided the 
classification used in this study related to the determination of mild to moderate MSD’s 
of a chronic and recurrent nature. As a result cases were defined as reporting 
experiencing 3 episodes of musculoskeletal pain and/or discomfort during the last year
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lasting at least one week in duration in the neck shoulder and upper arm areas. This was 
combined with frequency and severity scores that were significant. This allowed for the 
best opportunity to identify findings that were clinically significant and related to the risk 
factors and conditions associated with this specific cohort.
It was attempted to obtain equal numbers of cases and non-cases. Unfortunately due to 
the sampling strategy cases outnumbered non-cases. This was probably related to a 
bias of participants presenting with conditions and the high prevalence of findings in this 
group. The ratio of cases to non-cases was approximately 2:1.
The analysis of the data collected in this study became an assessment of the validity of 
this set of diagnostic criteria in relation to mild to moderate non-specific MSD’s. While 
various aspects of validity were evaluated the development of diagnostic criteria is an 
ongoing process that characteristically involves multiple studies.
In developing the statistical expertise required to plan and analyse the data. The 
following resources were utilized and summarised in Appendix 8. I had to spend 
additional time reviewing basic epidemiological principles and research approaches due 
to the nature of this research. Specifically, issues related to case control and cohort 
studies, sensitivity, specificity, predictive value, likelihood ratios, evaluation of 
screening/diagnostic testing and the evaluation of diagnostic criteria.
Dissemination strategy
Individual results of the assessment process were disseminated to the individuals 
participating in the study.
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Currently chiropractors and other primary contact practitioners are poor at identifying 
and evaluating the work relatedness of MSD’s. Awareness of the scale of the problem 
and education regarding assessment and management approaches would be beneficial. 
This could occur through professional associations and groups i.e. College of 
Chiropractors, British Chiropractic Association, provision of post graduate education, 
informing curriculum development in training institutions and course development and 
provision. Similar opportunities exist for employers and employees regarding early 
identification and management of these conditions. Publication of a paper outlining 
approaches to clinical assessment of WRMD’s in the clinical chiropractic setting wii! be 
undertaken incorporating the service development project. Presentation of the findings in 
this study will be made to interested professional groups and the occupational health 
community.
Scientific papers regarding the prevalence of positive findings in this specific cohort and 
their implications will be published in a relevant journal. Occupational and Environmental 
Health, Scandinavian Journal of Work and Health, Occupational and Environmental 
Medicine, Occupational Medicine and Journal of Clinical Epidemiology will be targeted. 
Presentations were made to supervisors and members of the ergonomics department 
regarding the research approach and process.
Supervision
Monthly meetings were attended in addition to annual progress reviews. 
Recommendations for progress were met.
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Annual research events
A number of research seminars, courses and presentations were attended over the last 
4 years that helped underpin the research process. See Appendix 9.
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APPENDICIES
RESEARCH LOG
Appendix 1
1. Recruitment of subjects 
18-65
Female
20 hours plus/week computer use
2. Information Sheet 
Consent to participate 
Consent to Examine
3. Questionnaire completion 
Nordic questionnaire 
Symptom questionnaire 
Pain diagram 
Numerical pain index
Neck disability questionnaire
Disabilities of the arm shoulder and hand questionnaire 
Psychosocial stressor questionnaire 
Occupational risk factors questionnaire
4. Triage
Potential contraindications to participation 
Screen for health issues 
Triage examination 
BP/T emp/Respiration
5. Exclusion from study 
Discussion with individual
Referral to health professional if appropriate
6. Inclusion
Explanation of examination procedure 
Screening examination administered 
Discussion of key findings
7. Subject discharged
Written report of findings completed and forwarded to subject with thank you for 
participating
8. Analysis of data
Data transferred to SPSS 
Interpretation and write up
Framework of research process
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Appendix 2
Table 1 Research Objectives
1. The selection of clinical assessment methods appropriate for the evaluation and 
detection of mild to moderate WRMD’s
2. Determination of the prevalence of positive clinical signs in a group of female 
computer users.
3. Evaluation of the ability of the screening protocol to identify cases vs. non-cases 
as identified by the reported symptom frequency and severity
4. Determination of the sensitivity, specificity and predictive value of individual tests 
and test domains.
5. Correlation of physical examination findings with defined cases and non-cases as 
classified by reported symptoms, activity of daily living and disability scores.
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The search was systematic but not exhaustive and targeted clinical assessment of mild 
to moderate neck, upper back, shoulder and arm conditions of a work related nature. 
The application to the target cohort of female computer users was considered. The 
nature and purpose of the testing was as a screening/surveillance protocol and spanning 
the area between questionnaire based approaches and full diagnostic examination. As 
a result the literature is of a diverse nature covering a broad range of topics and areas.
The initial step was to review the literature concerning the theoretical constructs 
underpinning the development and aetiology of work related MSD’s (Table 1). 
Subsequently a review of appropriate assessment methods suitable for this population, 
types of conditions experienced and review of simple and easy to administer methods 
was made. The relevance to early, mild to moderate conditions and conforming to a 
rehabilitative functional capacity assessment approach was prioritized. Initially relevant 
review papers, systematic reviews, specific textbooks of occupational health, medicine, 
ergonomics and work related MSD’s, standard text books of musculoskeletal 
orthopaedic assessment and management and research reports were reviewed. This 
was followed by the development of specific subject and topic areas followed by specific 
criteria, for literature selection. Appropriate searches utilizing a variety of search engines 
followed. Relevant internet sources were accessed. These sources are summarised in 
the following tables.
Appendix 3
Literature search strategies
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Key review papers and systematic reviews were targeted initially in order to obtain an 
overview of the relevant areas. A scoring protocol for study selection was developed. 
Original research reports were targeted with several recent reviews and a reference list 
of standard textbooks were consulted in order to complete the review.
Subjects and topics within the subjects
Relevant studies were identified through a comprehensive search of (PUBMED, 
EMBASE Excerpta Medica and MEDLINE) national library of medicine databases 
from1987 until 2007.
Table 1 Theoretical models reviewed for the development of work related MSD’s
Cumulative trauma/load model 
Disablement model 
Biopsychosocial model 
Biomedical model 
Dose response model 
Psychosocial model (ecological)
Workstrain model 
Biomechanical stress model 
Dysfunction model
Continuum of disease progression/prevention 
Ergonomics process model
The main topic area is the clinical assessment of mild to moderate work related 
musculoskeletal disorders in working female computer users.
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The key subject and topic areas derived from this included the following: 
Table 2 Key subject and topic headings
• Ergonomics • WRMD’s
• WRULD's • Repetitive strain injury
• Clinical assessment • Functional assessment
• Physical examination- reliability 
validity
• Rehabilitation
• Diagnosis- sensitivity specificity ® Case definitions
• Outcome measures • Computer users
• VDU users • Prevention
* Surveillance ® Screening
• Stress ® Psychosocial stress
• Work related stress a
Table 3 Training resources
The following resources were used to assist in the development of search and retrieval 
skills.
Overview of literature search techniques provided by the UniS library
Endnote purchase for literature management
Phillips, E.M. Pugh, D.S. (1987) Howto get a PhD Open University Press
Bell, J. (1993) Doing your research project: a guide for first time researchers in
education second ed. Open University Press___________________________________
The Researchers Companion https://remote.surrey.ac.uk/researcherscompanion
These courses provided a basic introduction and overview of the literature search 
process. Subsequently various reviews, texts and web sites concerning the search 
process were reviewed.
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Table 4 Key terms were identified from each of the key topic areas:
Example Topic: Clinical evaluation:
Key terms:
Diagnosis, musculoskeletal trouble, physical examination, clinical assessment, 
diagnostic criteria,
Gateways and search engines
Searches were preformed utilizing Athens password accessed search engines and 
gateways primarily through the U of Surrey library gateway.
Table 5 Gateways and search engines
Occupational and environmental health
CINAHL
EMBASE
Ergonomic abstracts 
Science direct 
EBSCO
Medline/Pubmed 
Google scholar 
Ovid
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The following key terms, synonyms, broader and narrower search terms were 
utilized.
Table 6 Boolean operators i.e. combined terms were developed and utilized.
WRMD’s and computer users
Clinical assessment and computer users
Diagnosis and work related neck shoulder upper limb disorders
Criteria development and WRMD’s
Table 7 Specific journals were searched for relevant papers
Ergonomics 
Applied ergonomics 
Occupational and environmental health 
Occupational health
Scandinavian journal of work environment and health
Occupational and environmental medicine
Spine
Journal of Manipulative and Physiologic Therapeutics 
Journal of Occupational Rehab 
Journal of Industrial Medicine
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Table 8 Hierarchy of Evidence for study selection
1. Systematic reviews
2. Review papers
3. Randomized controlled trials
4. Prospective analytic designs
5. Case control studies
6. Cohort studies
7. Case studies
The focus attempted to include primarily prospective evaluations of ciinical 
assessment methods relevant to this particular cohort of female computer users 
and mild to moderate WRMD’s.
Table 9 Combined search terms
Criteria for diagnostic categories for MSD’s 
Clinical assessment of WRULD's/WRMD’s 
Clinical assessment of computer users 
Functional outcomes measures assessment
All relevant papers found published within the last 20 years (1987-2007) were 
screened. Approximately 150 relevant papers were selected.
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Proceedings from major ergonomic and occupational health conferences over the 
last year were reviewed.
Table 10 Example of conference proceedings reviewed
Hagberg M. (1995) Work-related musculoskeletal disorders, ilness or 
diseases. 2nd International Scientific Conference on Prevention o f Work- 
related Musculoskeletal Disorders. Premus book of abstracts 1995, pp. 6-11
It was assumed that significant work within conference proceedings would 
subsequently be published within the following year.
Table 11 Major websites reviewed relevant to the area of interest
Health and Safety Executive: http://www.hse.gov.uk/index.htm
European agency for safety and health at work: http://osha.europa.eu/OSHA/
Institute for work and health: http://www.iwh.on.ca/
Robens Institute: http://www.surreyergonomics.org.uk
National Institute Occupational Safety and Health: http://www.cdc.gov/niosh/
Occupational Safety and Health Administration: http://www.osha.gov/
Faculty of occupational medicine: http://www.facoccmed.ac.uk/index.jsp
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Table 12 Specific research report examples reviewed:
Buckie PW Devereux JJ,(1999) Work related neck and upper limb musculoskeletal 
disorders European Agency for safety and Health at Work Research Report ISBN 
9282881741
Devereux J Rydstedt L Kelly V Weston JP Buckie P(2004) The role of work stress 
and psychological factors in the development of musculoskeletal disorders the 
stress and MSD study contract research report HSE
IASP (1995). Back Pain in the Workplace: Management of Disability in Non-specific 
Conditions. Fordyce WE (ed). Seattle, IASP Press.
NIOSH (1997). Musculoskeletal Disorders and Workplace Factors. A critical review 
of epidemiologic evidence for work-related musculoskeletal disorders of the neck, 
upper-extremity, and low back. Bernard BP (ed). Cincinnati, NIOSH.
Table 13 Textbooks reviewed (examples)
Magee, D. J. ( 1992) Orthopaedic physical a ssessm en t Saunders Minnesota
Liebenson, C. (1996) Rehabilitation o f the Spine. A Practitioners Manual. Williams
and Wilkins, Baltimore, USA ________________________________
Saunders, H. D.(1995) Evaluation treatment and m anagem ent o f musculoskeletal
disorders 3rd ed. Vol. 2 extremities Saunders Group Minnesota________________
Lewit, K. (1985) Manipulative therapy in Rehabilitation o f the Locomotor system ,
Butterworth and Co London 336-342_____________________________________
Murphy, D.R. (2000) Conservative M anagement o f cervical spine syndromes.
McGraw-Hill companies. New York, USA _______________________________
Waddell, G. (1998). The Back Pain Revolution. Churchill Livingstone, Edinburgh.
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Table 14 Texts specific for the evaluation of work related injury were also 
reviewed
Corlett E.N. and Clark T.S. (1995) The Ergonomics o f W orkspaces and Machines. Taylor 
and Francis, London.
Dul J. and Weerdmeester B. (2001) Ergonomics for Beginners. 2nd edn. Taylor and Francis, 
London.
Pheasant S.T. (1996) Bodyspace: Anthropometry, Ergonomics and Design. 2nd edn. Taylor 
and Francis, London.
Pheasant S.T. (1991) Ergonomics, Work and Health. Macmillan Press, London.
Wilson J.R. and Corlett E.N. (1995) Evaluation o f Human Work: a practical ergonomics 
methodology. 2nd edn. Taylor and Francis, London
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Appendix 4
Selection criteria for physical examination tests
9 Easy to administer
9 Low technology
9 Suitable for use in the work environment
9 Require minimal equipment
9 Normative values
9 Specific to the neck shoulder and upper limb
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Appendix 5
Ethical issues requiring clarification by ethics committee
1 Clarification of how the researcher will tack and follow up participants 
who may experience pain/discomfort following the evaluation
2 Submission of an insurance form
3 Provide details of the piloting procedure
4 Provide information on what would happen in the event of a low risk 
injury to the subject during assessment
5 Clarify that an appropriate examination room had been identified
6 Clarification of the study aim to develop and evaluate a functional 
screening examination protocol
7 Researcher to sign consent form
8 Provide details of evaluation of utility
9 Clarification of the examination process
10 Clarification of the Participant complaint procedure
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1. Female computer users spending at least 15-20 hours/week at the 
keyboard/VDU
2. Between the ages of 20-70
3. Were not currently under active care for any musculoskeletal condition
4. Were not experiencing any serious health issue which would contraindicate 
their participation in a physical assessment
5. Participants could be either symptomatic or asymptomatic
Participants were primarily experiencing non-specific mechanical musculoskeletal 
syndromes
The characteristics of non-specific neck and shoulder MSD’s
Symptoms
A history of pain and stiffness gradually increasing during work and worst at the 
end of the working day or week
Pain localised to the cervical spine and angle between the neck and shoulder 
Usually no radiating pain
Symptoms improved by heat and worsened by cold draughts 
Signs
Tenderness over the neck and shoulder muscles 
Reduced range of motion active/ normal passive movement 
No neurological deficits
Differentia! diagnoses include TOS, Nerve entrapment syndromes and systemic 
diseases such as diabetes
Appendix 6
Inclusion criteria for subject participants
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Appendix 7
Criteria used to select outcome measures included:
VAS Neck
disability
Index
DASH UEFQ Yellow
flags
General
Health
questionnaire
Ease of use X X X X X X
Valid and reliable x X X X X
Sensitive to mild to
moderate
conditions
X X X X
Clinically relevant x X X X X X
Useful for work 
based situations
X X X X X
Safe x X X X X X
Cost effective X X X X X X
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Appendix 8
Statistical resources reviewed
Statistical modules DCIinPrac programme
Field, A. (2005) Discovering Statistics using S P S S  Sage Publications
Portney, L.G., and Watkins, M.P. (2000) Foundations o f Clinical Research 2nd ed.
Prentice Hail ___________________________ __________________________
Bland, M. (1987) Medical Statistics Oxford University Press
Meetings with statistician Dr D Lovell
Coggon, D. et al 5th ed.(2003) Clinical epidemiology for the uninitiated BMJ
publishing__________________________________________________________
Meetings with Dr J Devereux/ Dr Oztug
Streiner, D.L., Norman, G.R. (1991) Health m easurem ent scales: a practical guide 
to their developm ent and u se . Oxford: Oxford University Press_________________
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Appendix 9
Training activities and courses
A number of Robens Centre Health ergonomics modules were audited which 
included:
• Ergonomics essentials Oct 06
• Ergonomics and MSD’s June 07
• Ergonomic Methods Sept 06
• Psychological issues in work and health April 07
Research seminars
• Ergonomics in Surgery Mr A Lee Jan 07
® Approaches to Occupational Health Feb 07
• (British Chiropractic Association workshop)
• Back teaching session St Georges Hospital Feb 07
• First aid appointed persons course Juiy 07
• Ethics and Research Professor T Desombre Jan 06
• Ergonomics research seminar June 06
A number of post grad seminars were also attended.
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